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ELECTRONIC CIRCUIT, DISPLAY DEVICE,
ELECTRONIC DEVICE, AND METHOD FOR
DRIVING ELECTRONIC CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/783,079, filed May 19, 2010, now allowed, which
claims the benefit of a foreign priority application filed in
Japan as Serial No. 2009-122906 on May 21, 2009, both of
which are incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

One embodiment of the present invention relates to an
electronic circuit and a method for driving the electronic
circuit. Moreover, one embodiment of the present invention
relates to a display device. Further, one embodiment of the
present invention relates to an electronic device including the
display device in a display portion.

2. Description of the Related Art

In recent years, with the increase of large display devices
such as liquid crystal televisions, display devices such as
liquid crystal display devices and light-emitting devices have
been actively developed. In particular, a technique for form-
ing a pixel circuit and a driver circuit in a display device over
the same insulating substrate by using thin film transistors or
the like including semiconductor layers provided over the
insulating substrate has been actively developed, because the
technique greatly contributes to reduction in power consump-
tion and cost, for example. The driver circuit formed over the
insulating substrate is connected to a circuit including a con-
troller IC through an FPC, for example, and its operation is
controlled by the controller IC.

Examples of the driver circuit in the display device are a
scan line driver circuit and a signal line driver circuit. For
example, as disclosed in Patent Document 1, a driver circuitis
constituted by a shift register, which is a kind of electronic
circuit. The shift register is constituted by sequential circuits
of plural stages including a plurality of sequential circuits
such as flip-flops.

In order to operate the shift register more correctly, it is
preferable to control the state of an output signal from a
flip-flop in each operation period so as to be a desired state, for
example. If the state of the output signal from the flip-flop
cannot be controlled to be a desired state due to adverse
effects of noise, for example, it is highly likely that the shift
register malfunctions.

REFERENCE

Patent Document 1: Japanese Published Patent Application
No. 2006-024350

SUMMARY OF THE INVENTION

An object of one embodiment of the present invention is to
control the state of an output signal from a sequential circuit
so that a malfunction of a circuit including the sequential
circuit is prevented.

In one embodiment of the present invention, a sequential
circuit is included and the state of at least one signal input to
the sequential circuit is controlled. Since the state of a signal
output from the sequential circuit is set in accordance with the
state of a signal input to the sequential circuit, the state of the
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output signal from the sequential circuit is controlled by
controlling the state of the signal input to the sequential
circuit so as to set the state of the signal input to the sequential
circuit.

According to one embodiment of the present invention, an
electronic circuit includes a sequential circuit and a control
circuit. A first signal, a second signal, and a third signal are
input to the sequential circuit as a start signal, a clock signal,
and a reset signal, respectively. The sequential circuit outputs
a fourth signal whose state is set in accordance with the state
of the inputted first signal, second signal, and third signal, as
an output signal. The control circuit controls the state of the
third signal input to the sequential circuit.

According to one embodiment of the present invention, an
electronic circuit includes a sequential circuit and a control
circuit. A first signal, a second signal, and a third signal are
input to the sequential circuit as a start signal, a clock signal,
and a reset signal, respectively. The sequential circuit outputs
a fourth signal whose voltage state is set in accordance with
the voltage state of the inputted first signal, second signal, and
third signal, as an output signal. The fourth signal is input to
the control circuit. The control circuit outputs a signal whose
voltage state is set in accordance with the voltage state of the
inputted fourth signal, as the third signal to the sequential
circuit.

Further, in the electronic circuit, the control circuit can be
a logic circuit.

According to one embodiment of the present invention, an
electronic circuit includes a first sequential circuit, a second
sequential circuit, and a control circuit. A first signal, a second
signal, and a third signal are input to the first sequential circuit
as a start signal, a clock signal, and a reset signal, respectively.
The first sequential circuit outputs a fourth signal whose
voltage state is set in accordance with the voltage state of the
inputted first signal, second signal, and third signal, as an
output signal. The fourth signal, a fifth signal, and a sixth
signal are input to the second sequential circuit as a start
signal, a clock signal, and a reset signal, respectively. The
second sequential circuit outputs a seventh signal whose volt-
age state is set in accordance with the voltage state of the
inputted fourth signal, fifth signal, and sixth signal, as an
output signal. The seventh signal is input to the control circuit.
The control circuit outputs a signal whose voltage state is set
in accordance with the voltage state of the inputted seventh
signal, as the third signal to the first sequential circuit.

Further, in the electronic circuit, the control circuit can be
a delay circuit.

Moreover, in the electronic circuit, the control circuit can
be a logic circuit.

According to one embodiment of the present invention, an
electronic circuit includes a first sequential circuit, a second
sequential circuit, and a control circuit. A first signal, a second
signal, and a third signal are input to the first sequential circuit
as a start signal, a clock signal, and a reset signal, respectively.
The first sequential circuit outputs a fourth signal whose
voltage state is set in accordance with the voltage state of the
inputted first signal, second signal, and third signal, as an
output signal. The fourth signal, a fifth signal, and a sixth
signal are input to the second sequential circuit as a start
signal, a clock signal, and a reset signal, respectively. The
second sequential circuit outputs a seventh signal whose volt-
age state is set in accordance with the voltage state of the
inputted fourth signal, fifth signal, and sixth signal, as an
output signal. The fourth signal and the seventh signal are
input to the control circuit. The control circuit outputs a signal
whose voltage state is set in accordance with the voltage state
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of the inputted fourth signal and seventh signal, as the third
signal to the first sequential circuit.

Moreover, in the electronic circuit, the control circuit can
be a logic circuit.

Furthermore, the sequential circuit included in the elec-
tronic circuit, which is one embodiment of the present inven-
tion, can include a first transistor having a first gate, a first
source, and a first drain; a second transistor having a second
gate, a second source, and a second drain; and a third transis-
tor having a third gate, a third source, and a third drain. The
start signal is input to the first gate of the first transistor. The
second gate of the second transistor is electrically connected
to one of the first source and the first drain of the first transis-
tor. The clock signal is input to one of the second source and
the second drain of the second transistor. A voltage at the
other of the second source and the second drain of the second
transistor is output as the output signal. The reset signal is
input to the third gate of the third transistor. One of the third
source and the third drain of the third transistor is electrically
connected to the second gate of the second transistor. A first
voltage or a second voltage is applied to the other of the third
source and the third drain of the third transistor.

According to one embodiment of the present invention, a
display device includes a driver circuit including one of the
electronic circuits of the present invention; and a pixel portion
including a pixel, in which display operation is controlled by
the driver circuit.

According to one embodiment of the present invention, an
electronic device includes a display portion including one of
the display devices of the present invention, and a control
switch configured to control display operation of the display
portion.

According to one embodiment of the present invention, a
method for driving an electronic circuit is as follows. In an
electronic circuit including a sequential circuit configured to
output, as an output signal, a fourth signal whose voltage state
is set in accordance with the voltage state of a first signal, a
second signal, and a third signal which are input as a start
signal, a clock signal, and a reset signal, respectively, the third
signal input to the sequential circuit is set to a first voltage
state at the same time as or after the fourth signal is set from
the first voltage state to a second voltage state.

According to one embodiment of the present invention, the
state of an output signal of a sequential circuit can be set to a
desired state; thus, a malfunction of the sequential circuit can
be prevented, and further, a malfunction of an electronic
circuit can also be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram illustrating an example of a
configuration of an electronic circuit in Embodiment 1;

FIG. 2 is atiming chart illustrating an example of operation
of the electronic circuit illustrated in FIG. 1;

FIG. 3 is a block diagram illustrating an example of a
configuration of an electronic circuit in Embodiment 2;

FIG. 4is a timing chart illustrating an example of operation
of the electronic circuit illustrated in FIG. 3;

FIGS. 5A to 5H are circuit diagrams each illustrating an
example of a circuit configuration of a control circuit in the
electronic circuit illustrated in FIG. 3;

FIGS. 6A to 6E are circuit diagrams each illustrating an
example of a circuit configuration of a control circuit in the
electronic circuit illustrated in FIG. 3;

FIG. 7 is atiming chart illustrating an example of operation
of the control circuit illustrated in FIG. 5A;
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FIG. 8 is a block diagram illustrating an example of a
configuration of an electronic circuit in Embodiment 3;

FIG. 9 is a timing chart illustrating an example of operation
of the electronic circuit illustrated in FIG. 8;

FIGS. 10A to 10C are circuit diagrams each illustrating an
example of a circuit configuration of a control circuit in the
electronic circuit illustrated in FIG. 8;

FIG. 11 is a block diagram illustrating an example of a
configuration of an electronic circuit in Embodiment 4;

FIG. 12 is a timing chart illustrating an example of opera-
tion of the electronic circuit illustrated in FIG. 11;

FIGS. 13A to 13G are circuit diagrams each illustrating an
example of a circuit configuration of a control circuit in the
electronic circuit illustrated in FIG. 11;

FIGS. 14A to 14E are circuit diagrams each illustrating an
example of a circuit configuration of a sequential circuit in
Embodiment 5;

FIGS. 15A to 15F are circuit diagrams each illustrating an
example of a circuit configuration of a control circuit in the
sequential circuit illustrated in FIG. 14E;

FIG. 16 is a timing chart illustrating an example of opera-
tion of the sequential circuit illustrated in FIG. 14A;

FIG. 17 is a cross-sectional view illustrating an example of
a structure of a transistor in Embodiment 6;

FIGS. 18A and 18B are enlarged views each illustrating a
region between a gate insulating layer and an impurity semi-
conductor layer functioning as a source region or a drain
region in the transistor illustrated in FIG. 17;

FIG. 19 is a cross-sectional view illustrating an example of
a structure of a transistor in Embodiment 6;

FIGS. 20A to 20C are cross-sectional views illustrating a
method for manufacturing a transistor in Embodiment 7;

FIGS. 21A to 21C are cross-sectional views illustrating a
method for manufacturing a transistor in Embodiment 7;

FIGS.22A-1,22A-2,22B-1, and 22B-2 are diagrams illus-
trating multi-tone masks applicable to the present invention;

FIGS. 23A to 23C are cross-sectional views illustrating a
method for manufacturing a transistor in Embodiment 7;

FIGS. 24A and 24B are cross-sectional views illustrating a
method for manufacturing a transistor in Embodiment 7;

FIGS. 25A to 25C are cross-sectional views illustrating a
method for manufacturing a transistor in Embodiment 7;

FIGS. 26 A and 26B illustrate an example of a structure of
an electronic circuit in Embodiment §;

FIG. 27 illustrates an example of a structure of a display
device in Embodiment 9;

FIGS. 28A and 28B are circuit diagrams each illustrating
an example of a circuit configuration of a pixel in the display
device illustrated in FIG. 27,

FIGS. 29A and 29B are block diagrams illustrating an
example of a configuration of a scan line driver circuit and a
signal line driver circuit in the display device illustrated in
FIG. 27,

FIG. 30 illustrates an example of a configuration of a shift
register in the scan line driver circuit or the signal line driver
circuit illustrated in FIG. 29A or F1G. 29B;

FIGS. 31A and 31B illustrate the result of operation veri-
fication of the shift register illustrated in FIG. 30;

FIGS. 32 A and 32B illustrate a structure of a display device
in Embodiment 10;

FIGS. 33A to 33H each illustrate an example of a structure
of an electronic device in Embodiment 11;

FIGS. 34A to 34H each illustrate an example of a structure
of an electronic device in Embodiment 11; and
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FIGS. 35A to 35C illustrate an example of a structure of an
electronic device in Embodiment 11.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, examples of embodiments of the present
invention will be described with reference to the accompany-
ing drawings. Note that the present invention is not limited to
the following description, and it is easily understood by those
skilled in the art that various changes and modifications can
be made without departing from the spirit and scope of the
present invention. Therefore, the present invention should not
be interpreted as being limited to the following description of
the embodiments.

(Embodiment 1)

In this embodiment, an electronic circuit which is one
embodiment of the present invention will be described.

A configuration of an electronic circuit in this embodiment
will be described with reference to FIG. 1. FIG. 1 is a circuit
block diagram illustrating an example of a configuration of
the electronic circuit in this embodiment.

The electronic circuit illustrated in FIG. 1 includes a
sequential circuit 101 and a control circuit 102.

The sequential circuit 101 has a function of outputting, as
an output signal, a signal S4 whose state is set in accordance
with a signal S1, a signal S2, and a signal S3 which are input
to the sequential circuit 101 as input signals.

Note that in this specification, the state of a signal refers to
avoltage, a current, or a frequency of the signal, for example.

Note that in general, a voltage refers to the potential dif-
ference between two points, and a potential refers to electro-
static energy (electric potential energy) that a unit chargeinan
electrostatic field at one point has; in electronic circuits, the
difference (voltage) between a potential at one point and a
potential serving as a reference (also referred to as a reference
potential) is sometimes used as a value. Therefore, in this
specification, the potential difference between a potential at
one point and a reference potential is sometimes used as a
voltage at the point unless otherwise specified.

The control circuit 102 has a function of outputting the
signal S3 to the sequential circuit 101 and also has a function
of controlling the state of the signal S3; thus, the control
circuit 102 is also referred to as a signal control circuit. For
example, the control circuit 102 can have a function of con-
trolling the output timing of a pulse of the signal S3 to the
sequential circuit 101. The state of the signal S3 can be set in
accordance with the state of the signal S4, for example. More-
over, the control circuit 102 can be electrically connected to
the sequential circuit 101, for example. Further, the control
circuit 102 can be constituted by a delay circuit or a logic
circuit, for example. As an example, when the control circuit
102 is constituted by a delay circuit and a given signal is input
to the control circuit 102, the control circuit 102 delays the
signal input to the control circuit 102 and outputs a delayed
signal as the signal S3. In the case of an electronic circuit
including sequential circuits of (N+1) stages (N is a natural
number) constituted by (N+1) sequential circuits, for
example, an output signal from the (K+1)th stage sequential
circuit (K is a natural number of 1 to N) can be used as a signal
input to the control circuit 102. Furthermore, when the con-
trol circuit 102 is constituted by a logic circuit, the signal S4
can be used, for example.

Note that as a signal in this specification, an analog signal
or a digital signal which uses voltage, current, resistance,
frequency, or the like can be used, for example. For example,
as a signal with voltage (also referred to as a voltage signal),
it is preferable to use a signal having at least a first voltage
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state and a second voltage state. A binary digital signal which
has a high-level voltage state as the first voltage state and a
low-level voltage state as the second voltage state can be used,
for example. Note that in a binary digital signal, a high-level
voltage is also referred to as V,and a low-level voltage is also
referred to as V. Moreover, each of a voltage in the first
voltage state and a voltage in the second voltage state prefer-
ably has a fixed value. However, since noise or the like, for
example, has an influence on an electronic circuit, each of the
voltage in the first voltage state and the voltage in the second
voltage state does not necessarily have a fixed value and may
be a value within a fixed range. Furthermore, as the voltage
signal, a signal having three or more voltage states can be
used.

Further, in this specification, terms with ordinal numbers,
such as “first” and “second”, are used in order to avoid con-
fusion among components, and the terms do not limit the
components numerically.

The signal S1 can function as a start signal (also referred to
as a set signal) of a sequential circuit, for example, and can
function as a start signal (also referred to as ST, ;) of the
sequential circuit 101, for example.

The signal S2 can function as a clock signal of a sequential
circuit, for example, and can function as a clock signal (also
referred to as CK,,,) of the sequential circuit 101, for
example.

The signal S3 can function as a reset signal of a sequential
circuit, for example, and can function as a reset signal (also
referred to as RE,,,) of the sequential circuit 101, for
example.

As illustrated in FIG. 1 as an example, the example of the
electronic circuit in this embodiment includes a sequential
circuit (e.g., the sequential circuit 101) and a control circuit
(e.g., the control circuit 102); a first signal (e.g., the signal
S1), a second signal (e.g., the signal S2), and a third signal
(e.g., the signal S3) are input to the sequential circuit and the
sequential circuit outputs a fourth signal (e.g., the signal S4);
and the control circuit controls the state of any of the signals
input to the sequential circuit (e.g., the signal S3). Note that
FIG. 1 illustrates the structure where one sequential circuit
and one control circuit are included; however, this embodi-
ment is not limited to this structure and the electronic circuit
in this embodiment can include a plurality of sequential cir-
cuits or a plurality of control circuits. For example, the elec-
tronic circuit can include sequential circuits of (N+1) stages
(N is a natural number) constituted by (N+1) sequential cir-
cuits and N control circuits. For example, an electronic circuit
including sequential circuits of (N+1) stages can have a struc-
ture in which an output signal of the (K+1)th stage sequential
circuit (K is a natural number of 1 to N) is input to one of N
control circuits and an output signal of one of the N control
circuits is input to the Kth stage sequential circuit.

Next, an example of operation (also referred to as a driving
method) of the electronic circuit in this embodiment will be
described with reference to FIG. 2. FIG. 2 is a timing chart
illustrating an example of the operation of the electronic
circuit illustrated in FIG. 1, and illustrates the waveforms of
the signals S1 to S4. Note that in the example of the operation
of the electronic circuit in FIG. 1, which is described with
reference to FIG. 2, each of the signals S1 to S4 is a binary
digital signal and the signal S2 is a clock signal. In addition,
in the operation of the electronic circuit in this embodiment,
the voltage state of each signal illustrated in FIG. 2 can be
inverted.

In the example of the operation of the electronic circuit in
FIG.1, aperiod can bedivided into a period 111, aperiod 112,
and a period 113 as illustrated in FIG. 2. Note that in this
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specification, the length of each period can be set as appro-
priate in accordance with a clock signal, for example, and can
be set to the same length as the half cycle of the clock signal,
for example. The operation in each period is described below.

First, in the period 111, at the time A1, the signal S1 is set
to High level, the signal S2 is set to Low level, and the signal
S3 is at Low level.

At that time, the sequential circuit 101 is set to a set state.
Moreover, the signal S4 is at Low level in accordance with the
voltage state of the signals S1to S3. Further, in the period 111,
the signal S3 remains at Low level.

Then, in the period 112, at the time A2, the signal S1 is set
to Low level, the signal S2 is set to High level, and the signal
S3 remains at Low level.

Atthat time, the signal S4 is set to High level in accordance
with the voltage state of the signals S1 to S3. Further, in the
period 112, the signal S3 remains at Low level.

Then, in the period 113, at the time A3, the signal S1
remains at Low level, the signal S2 is set to Low level, and the
signal S3 remains at Low level.

Atthat time, the signal S4 is set to Low level in accordance
with the voltage state of the signals S1 to S3. Then, at the time
A4, the signal S3 is set to High level. When the signal S3 is set
to High level, the sequential circuit 101 is set to a reset state.
The signal S4 remains at Low level during the time in which
the sequential circuit 101 is in the reset state.

Note that in the example of the operation of the electronic
circuit in FIG. 1, which is described with reference to FI1G. 2,
the timing (the time A4) when the signal S3 is set to High level
from Low level (i.e., the signal S3 rises) is preferably set at the
same time as or after the signal S4 is set to Low level from
High level (i.e., the signal S4 falls). This is because if the
signal S3 rises before the signal S4 falls, for example, the
sequential circuit 101 is set to a reset state due to delay in the
sequential circuit 101 before the signal S4 falls, so that it takes
alonger time for the signal S4 to fall, which is highly likely to
cause a malfunction.

The electronic circuit in this embodiment is operated as
illustrated in FIG. 2 as an example, whereby the state of a
signal output from the sequential circuit can be controlled.
Accordingly, even in the case where operation in the sequen-
tial circuit is delayed, for example, the voltage state of a reset
signal input to the sequential circuit is set in consideration of
the delay of the operation in the sequential circuit, so that the
timing at which the sequential circuit is set to a reset state can
be controlled. Thus, a malfunction in the sequential circuit
can be prevented, and a malfunction in the electronic circuit
can be prevented.

(Embodiment 2)

In this embodiment, an example of an electronic circuit
which is one embodiment of the present invention will be
described.

A configuration of an electronic circuit in this embodiment
will be described with reference to FIG. 3. FIG. 3 is a circuit
block diagram illustrating an example of a configuration of
the electronic circuit in this embodiment.

The electronic circuit illustrated in FIG. 3 at least includes
a sequential circuit 2011, a sequential circuit 2012, and a
control circuit 2021.

The sequential circuit 2011 has a function of outputting, as
an output signal, a signal S24 whose voltage state is set in
accordance with a signal S21, a signal S22, and a signal S23
which are input to the sequential circuit 2011 as input signals.

The sequential circuit 2012 has a function of outputting, as
an output signal, a signal S27 whose voltage state is set in
accordance with the signal S24, a signal S25, and a signal S26
which are input to the sequential circuit 2012 as input signals.
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Note that the sequential circuit 2012 can be electrically con-
nected to the sequential circuit 2011, for example.

The control circuit 2021 has a function of outputting a
signal whose voltage state is set in accordance with the signal
S27 which is input from the sequential circuit 2012, to the
sequential circuit 2011 as the signal S23. Note that the control
circuit 2021 can be electrically connected to the sequential
circuit 2011 and the sequential circuit 2012, for example.

The signal S21 and the signal S24 can function as a start
signal of a sequential circuit, for example. The signal S21 can
function as a start signal (also referred to as ST, ;) of the
sequential circuit 2011, and the signal S24 can function as a
start signal (also referred to as ST,,,,) of the sequential
circuit 2012.

The signal S22 and the signal S25 can function as a clock
signal of a sequential circuit, for example. The signal S22 can
function as a clock signal (also referred to as CK,, ) of the
sequential circuit 2011, and the signal S25 can function as a
clock signal (also referred to as CK,q,,) of the sequential
circuit 2012. Note that as the signal S22 and the signal S25,
signals whose phases are different from each other can be
used. For example, a first clock signal (also referred to as
CK1) canbeused as the signal S22, and a second clock signal
or an inverted clock signal of the first clock signal (such a
signal is also referred to as CKB1) can be used as the signal
S25.

The signal S23 and the signal S26 can function as a reset
signal of a sequential circuit, for example. The signal S23 can
function as a reset signal (also referred to as RE, ;) of the
sequential circuit 2011, and the signal S26 can function as a
reset signal (also referred to as RE,,;,) of the sequential
circuit 2012.

As illustrated in FIG. 3 as an example, the example of the
electronic circuit in this embodiment includes a first sequen-
tial circuit (e.g., the sequential circuit 2011), a second sequen-
tial circuit (e.g., the sequential circuit 2012), and a control
circuit (e.g., the control circuit 2021); a first signal (e.g., the
signal S21), a second signal (e.g., the signal S22), and a third
signal (e.g., the signal S23) are input to the first sequential
circuit and the first sequential circuit outputs a fourth signal
(e.g., the signal S24); the fourth signal, a fifth signal (e.g., the
signal S25), and a sixth signal (e.g., the signal S26) are input
to the second sequential circuit and the second sequential
circuit outputs a seventh signal (e.g., the signal S27); and the
control circuit controls the voltage state of any of the signals
input to the first sequential circuit. Note that this embodiment
is not limited to this structure, and the electronic circuit in this
embodiment can have a structure, for example, including
sequential circuits of (N+1) stages (N is a natural number)
including (N+1) sequential circuits and a control circuit to
which a signal output from the (K+1)th stage sequential cir-
cuit (K is a natural number of 1 to N) is input and from which
a signal whose voltage state is set in accordance with the
voltage state of the inputted signal is output to the Kth stage
sequential circuit.

Next, an example of operation of the electronic circuit in
this embodiment will be described with reference to FIG. 4.
FIG. 4 is a timing chart illustrating an example of the opera-
tion of the electronic circuit illustrated in FIG. 3, and illus-
trates the waveforms of the signals S21 to S27. Note that in the
example of the operation of the electronic circuit in FIG. 3,
which is described with reference to FIG. 4, each of the
signals S21 to S27 is a binary digital signal, the signal S22 is
a first clock signal, and the signal S25 is an inverted clock
signal of the first clock signal. Further, in the operation of the
electronic circuit in this embodiment, the voltage state of each
signal illustrated in FIG. 4 can be inverted.
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In the example of the operation of the electronic circuit in
FIG. 3, aperiod canbe divided into a period 211, aperiod 212,
and a period 213 as illustrated in FIG. 4. The operation in each
period is described below.

First, in the period 211, at the time B1, the signal S21 is set
to High level; the signal S22 is set to Low level; the signal S23
is at Low level; the signal S25 is set to High level; and the
signal S26 is at Low level.

At that time, the sequential circuit 2011 is set to a set state.
Moreover, the signal S24, which is the output signal of the
sequential circuit 2011, is at Low level in accordance with the
voltage state of the signals S21 to S23. Further, the signal S27,
which is the output signal of the sequential circuit 2012, is at
Low level in accordance with the voltage state of the signals
S24 to S26. Furthermore, in the period 211, the signal S23,
which is the output signal of the control circuit 2021, remains
at Low level.

Then, in the period 212, at the time B2, the signal S21 is set
to Low level; the signal S22 is set to High level; the signal S23
remains at Low level; the signal S25 is set to Low level; and
the signal S26 remains at Low level.

At that time, the signal S24 is set to High level in accor-
dance with the voltage state of the signals S21 to S23. When
the signal S24 is set to High level, the sequential circuit 2012
is set to a set state. Moreover, the signal S27 remains at Low
level in accordance with the voltage state of the signals S24 to
S26. Furthermore, in the period 212, the signal S23 remains at
Low level.

Then, in the period 213, at the time B3, the signal S21
remains at Low level; the signal S22 is set to Low level; the
signal S23 remains at Low level; the signal S25 is set to High
level; and the signal S26 remains at Low level.

At that time, the signal S24 is set to Low level in accor-
dance with the voltage state of the signals S21 to S23. More-
over, the signal S27 is set to High level in accordance with the
voltage state of the signals S24 to S26. Then, at the time B4,
the signal S23 is set to High level in accordance with the
voltage state of the signal S27. When the signal S23 is set to
High level, the sequential circuit 2011 is set to a reset state.
The signal S24 remains at Low level during the time in which
the sequential circuit 2011 is in the reset state.

Note that in the example of the operation of the electronic
circuit in FIG. 3, which is described with reference to FI1G. 4,
the timing (the time B4) when the signal S23 rises can be set
as appropriate in the period 213. Moreover, the timing when
the signal S23 rises is preferably set at the same time as or
after the signal S24 falls. This is because if the signal S23 rises
before the signal S24 falls, for example, the sequential circuit
2011 is set to a reset state due to delay in the sequential circuit
2011 before the signal S24 falls, so that it takes a longer time
for the signal S24 to fall, which is highly likely to cause a
malfunction.

The electronic circuit in this embodiment is operated as
illustrated in FIG. 4 as an example, whereby the voltage state
of a signal input to the first sequential circuit can be set in
accordance with the voltage state of an output signal from the
second sequential circuit. Note that it can be said that the
voltage state of the signal input to the first sequential circuit
can be set in accordance with the voltage state of an output
signal of the first sequential circuit, because the output signal
of'the first sequential circuit is input to the second sequential
circuit and the voltage state of the output signal of the second
sequential circuit is set in accordance with the voltage state of
the output signal of the first sequential circuit. Accordingly, a
reset signal of the first sequential circuit can be set to the first
voltage state after the output signal of the first sequential
circuit is set to the second voltage state from the first voltage
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state. For example, even in the case where operation in the
sequential circuit is delayed, the voltage state of a reset signal
input to the sequential circuit is set in consideration of the
operation in the sequential circuit, so that the timing at which
the sequential circuit is set to a reset state can be controlled.
Thus, amalfunction in the sequential circuit can be prevented,
and a malfunction in the electronic circuit can be prevented.

Next, an example of a circuit configuration of the control
circuit in the electronic circuit in this embodiment will be
described with reference to FIGS. 5A to SH and FIGS. 6A to
6F. FIGS. 5A to 5H and FIGS. 6A to 6E are circuit diagrams
each illustrating an example of a circuit configuration of the
control circuit (the control circuit 2021) in the electronic
circuit illustrated in FIG. 3. Note that in description of the
control circuits illustrated in FIGS. 5A to SH and FIGS. 6A to
6F, the description of the electronic circuit illustrated in FIG.
3 is employed as appropriate.

The control circuit illustrated in FIG. SA includes a resistor
2211 and capacitor 2212.

Note that in this specification, a resistor has one end and the
other end. Further, a resistance value of a resistor can be set as
appropriate.

In addition, in this specification, a capacitor includes at
least two electrodes of one electrode and the other electrode,
and a film having a function of a dielectric. A terminal includ-
ing part or all of one electrode of the capacitor is referred to as
afirst terminal, and a terminal including part or all of the other
electrode of the capacitor is referred to as a second terminal.
As the film having a function of a dielectric, an insulating film
can be used, for example. Moreover, a capacitance value of a
capacitor can be set as appropriate.

In the control circuit illustrated in FIG. 5A, a first terminal
of the capacitor 2212 is electrically connected to one end or
the other end of the resistor 2211, and a voltage V, (also
referred to as a first voltage) or a voltage V, (also referred to
as a second voltage) is applied to a second terminal of the
capacitor 2212. The signal S27 is input through one of one
end and the other end of the resistor 2211. The signal S23 is
output through the other of one end and the other end of the
resistor 2211.

Note that in this specification, the value of the voltage V| is
higher than the value of the voltage V,. Moreover, the abso-
lute value of the difference between the value of the voltage
V, and the value of the voltage V, is preferably larger than a
given value. For example, a power supply voltage can be used
as the voltage V, and the voltage V,; a voltage on the rela-
tively high voltage side (also referred to as a high power
supply voltage V ;) can be used as the voltage V, and a
voltage on the relatively low voltage side (also referred to as
alow power supply voltage V) can be used as the voltage V.
Alternatively, a ground potential (also referred to as Vgyp)
can be used as the voltage V, or the voltage V,. Each of the
high power supply voltage and the low power supply voltage
is preferably constant; however, in an electronic circuit, a
voltage sometimes varies from a desired value due to noise or
the like. Therefore, in this specification, such a voltage can be
considered as the high power supply voltage or the low power
supply voltage as long as it has a value within a fixed range.
Further, a value of each power supply voltage can be set as
appropriate.

The control circuit illustrated in FIG. 5B includes a capaci-
tor 2213 in addition to the structure of the control circuit in
FIG. 5A. A first terminal of the capacitor 2213 is electrically
connected to one end of the resistor 2211. The voltage which
is the same as that at the second terminal of the capacitor 2212
(i.e., the voltage V, or the voltage V) is applied to a second
terminal of the capacitor 2213.
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The control circuit illustrated in FIG. 5C includes a resistor
2214 in addition to the structure of the control circuit in FIG.
5A. One end of the resistor 2214 is electrically connected to
the other end of the resistor 2211. The signal S27 is input
through one of one end of the resistor 2211 and the other end
of'the resistor 2214. The signal S23 is output through the other
of'one end of the resistor 2211 and the other end of the resistor
2214.

The control circuit illustrated in FIG. 5D includes a capaci-
tor 2215 in addition to the structure of the control circuit in
FIG. 5C. A first terminal of the capacitor 2215 is electrically
connected to the other end of the resistor 2214. The voltage
which is the same as that at the second terminal of the capaci-
tor 2212 (i.e., the voltage V, or the voltage V) is applied to a
second terminal of the capacitor 2215.

The control circuit illustrated in FIG. 5E includes a resistor
2221 and a capacitor 2222. A first terminal of the capacitor
2222 is electrically connected to the other end of the resistor
2221. The signal S27 is input through one of one end of the
resistor 2221 and a second terminal of the capacitor 2222. The
signal S23 is output through the other of one end of the
resistor 2221 and the second terminal of the capacitor 2222.

The control circuit illustrated in FIG. 5F includes a capaci-
tor 2223 in addition to the structure of the control circuit in
FIG. 5E. A second terminal of the capacitor 2223 is electri-
cally connected to one end of the resistor 2221. The signal
S27 is input through one of a first terminal of the capacitor
2223 and the second terminal of the capacitor 2222. The
signal S23 is output through the other of the first terminal of
the capacitor 2223 and the second terminal of the capacitor
2222.

The control circuit illustrated in FIG. 5G includes a resistor
2224 in addition to the structure of the control circuit in FIG.
5E. One end of the resistor 2224 is electrically connected to
the second terminal of the capacitor 2222. The signal S27 is
input through one of one end of the resistor 2221 and the other
end of the resistor 2224. The signal S23 is output through the
other of one end of the resistor 2221 and the other end of the
resistor 2224.

The control circuit illustrated in FIG. 5H includes a capaci-
tor 2225 in addition to the structure of the control circuit in
FIG. 5G. A first terminal of the capacitor 2225 is electrically
connected to the other end of the resistor 2224. The signal S27
is input through one of one end of the resistor 2221 and a
second terminal of the capacitor 2225. The signal S23 is
output through the other of one end of the resistor 2221 and
the second terminal of the capacitor 2225.

The control circuit illustrated in FIG. 6A includes a buffer
circuit 2231. The signal S27 is input to the buffer circuit 2231.
The signal S23 is output from the buffer circuit 2231.

FIG. 6B illustrates an example of a circuit configuration of
the buffer circuit 2231 illustrated in FIG. 6A.

The buffer circuit illustrated in FIG. 6B includes a transis-
tor 2311, a transistor 2312, a transistor 2313, and a transistor
2314.

Note that in this specification, a transistor has at least three
terminals and has a structure so that a potential of one termi-
nal controls conduction between the other two terminals. For
example, a field effect transistor or a bipolar transistor can be
used.

In this specification, a field effect transistor has at least a
gate, a source, and a drain. As the field effect transistor, a thin
film transistor (also referred to as a TFT) can be used, for
example. Moreover, the field effect transistor can have a
top-gate structure or a bottom-gate structure, for example.
The bottom-gate transistor can have a channel-etched struc-
ture or a bottom-contact structure (also referred to as an
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inverted coplanar structure), for example. Further, the field
effect transistor can have n-type or p-type conductivity. As an
example, the case is described in which all the transistors in
the control circuit illustrated in FIGS. 6A to 6E are field effect
transistors of the same conductivity. When all the transistors
have the same conductivity, the number of manufacturing
steps can be reduced as compared to the case where transis-
tors with different conductivities are used.

The field effect transistor can include, for example, a gate
electrode; a semiconductor layer including a source region, a
channel region, and a drain region; and a gate insulating layer
provided between the gate electrode and the semiconductor
layer in the cross-sectional view. The semiconductor layer
can be formed using a semiconductor film or a semiconductor
substrate. Examples of a semiconductor material which can
be applied to a semiconductor film or a semiconductor sub-
strate are an amorphous semiconductor, a microcrystalline
semiconductor, a single crystal semiconductor, and a poly-
crystalline semiconductor. Moreover, an oxide semiconduc-
tor can be used as the semiconductor material. As an oxide
semiconductor, an oxide semiconductor whose composition
formula is represented by InMO;(Zn0O),, (m>0) can be used,
for example. It is particularly preferable to use an In—Ga—
Zn—O-based oxide semiconductor among oxide semicon-
ductors whose composition formulas are represented by
InMO,(Zn0),, (m>0). Note that M denotes one or more of
metal elements selected from gallium (Ga), iron (Fe), nickel
(N1), manganese (Mn), and cobalt (Co). For example, M
denotes Ga in some cases; meanwhile, M denotes the above
metal element such as Ni or Fe in addition to Ga (i.e., Ga and
Ni or Ga and Fe) in other cases. Further, the oxide semicon-
ductor may contain a transitional metal element such as Fe or
Ni or an oxide of the transitional metal as an impurity element
in addition to the metal element contained as M. Furthermore,
as the oxide semiconductor, any of the following oxide semi-
conductors can also beused: an In—Sn—Zn—O-based oxide
semiconductor, an Al—In—Zn—O-based oxide semicon-
ductor, a Ga—Sn—Z7n—0-based oxide semiconductor, an
Al—Ga—Zn—0-based oxide semiconductor, an Al—Sn—
Zn—0O-based oxide semiconductor, an In—Zn—O-based
oxide semiconductor, a Sn—Z7n—0-based oxide semicon-
ductor, an Al—Zn—O-based oxide semiconductor, an
In—O-based oxide semiconductor, a Sn—O-based oxide
semiconductor, and a Zn—O-based oxide semiconductor.

Note that in this specification, a gate refers to all or part of
a gate electrode and a wiring electrically connected to the gate
electrode (such a wiring is also referred to as a gate wiring). A
source refers to all or part of a source region, a source elec-
trode, and a wiring electrically connected to the source elec-
trode (such a wiring is also referred to as a source wiring). A
drain refers to all or part of a drain region, a drain electrode,
and a wiring electrically connected to the drain electrode
(such a wiring is also referred to as a drain wiring).

In addition, in this specification, a source and a drain some-
times replace each other depending on the structure, the oper-
ating conditions, or the like of a field effect transistor.

One of the voltage V, and the voltage V, is applied to a gate
and one of a source and a drain of the transistor 2311.

A signal IN .., is input to a gate of the transistor 2312. One
of a source and a drain of the transistor 2312 is electrically
connected to the other of the source and the drain of the
transistor 2311. The other of the voltage V, and the voltage V,
is applied to the other of the source and the drain of the
transistor 2312.
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The voltage which is the same as that at one of the source
and the drain of the transistor 2311 (i.e., one of the voltage V,
and the voltage V) is applied to one of a source and a drain of
the transistor 2313.

A gate of the transistor 2314 is electrically connected to the
other of the source and the drain of the transistor 2311. One of
a source and a drain of the transistor 2314 is electrically
connected to the other of the source and the drain of the
transistor 2313. The voltage which is the same as that at the
other of the source and the drain of the transistor 2312 (i.e.,
the other of the voltage V, and the voltage V) is applied to the
other of the source and the drain of the transistor 2314.

In the control circuit illustrated in FIG. 6B, the signal S27
is input to the gate of the transistor 2312, and the voltage at the
other of the source and the drain of the transistor 2313 is
output as the signal S23.

The control circuit illustrated in FIG. 6C includes an
inverter (also referred to as a NOT gate or a NOT circuit) 2241
and an inverter 2242. The inverter 2242 is electrically con-
nected in series with the inverter 2241. The signal S27 is input
to the inverter 2241, and the signal S23 is output from the
inverter 2242. Note that FIG. 6C illustrates the control circuit
including two inverters; however, this embodiment is not
limited to this structure. The control circuit in the electronic
circuit in this embodiment can have a structure in which 2M
inverters (M is a natural number) are electrically connected in
series.

FIG. 6D illustrates an example of a circuit configuration of
the control circuit illustrated in FIG. 6C.

The control circuit illustrated in FIG. 6D includes a tran-
sistor 2243, a transistor 2244, a transistor 2245, and a tran-
sistor 2246.

One ofthe voltage V, and the voltage V, is applied to a gate
and one of a source and a drain of the transistor 2243.

One of a source and a drain of the transistor 2244 is elec-
trically connected to the other of the source and the drain of
the transistor 2243. The other of the voltage V, and the volt-
age V, is applied to the other of the source and the drain of the
transistor 2244.

The voltage which is the same as that at one of the source
and the drain of the transistor 2243 (i.e., one of the voltage V,
and the voltage V,) is applied to a gate and one of a source and
a drain of the transistor 2245.

A gate of the transistor 2246 is electrically connected to the
other of the source and the drain of the transistor 2243. One of
a source and a drain of the transistor 2246 is electrically
connected to the other of the source and the drain of the
transistor 2245. The voltage which is the same as that at the
other of the source and the drain of the transistor 2244 (i.e.,
the other of the voltage V, and the voltage V,) is applied to the
other of the source and the drain of the transistor 2246.

In the control circuit illustrated in FIG. 6D, the signal S27
is input to the gate of the transistor 2244, and the voltage at the
other of the source and the drain of the transistor 2245 is
output as the signal S23.

The control circuit illustrated in FIG. 6E includes a tran-
sistor 2331, a transistor 2332, a transistor 2333, a transistor
2334, a transistor 2335, a transistor 2336, a transistor 2337,
and a transistor 2338.

One ofthe voltage V, and the voltage V, is applied to a gate
and one of a source and a drain of the transistor 2331.

One of a source and a drain of the transistor 2332 is elec-
trically connected to the other of the source and the drain of
the transistor 2331. The other of the voltage V, and the volt-
age V, is applied to the other of the source and the drain of the
transistor 2332.
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A gate of the transistor 2333 is electrically connected to the
other of the source and the drain of the transistor 2331. The
voltage which is the same as that at one of the source and the
drain of the transistor 2331 (i.e., one of the voltage V, and the
voltage V,) is applied to one of a source and a drain of the
transistor 2333.

One of a source and a drain of the transistor 2334 is elec-
trically connected to the other of the source and the drain of
the transistor 2333. The voltage which is the same as that at
the other of the source and the drain of the transistor 2332
(i.e., the other of the voltage V, and the voltage V) is applied
to the other of the source and the drain of the transistor 2334.

The voltage which is the same as that at one of the source
and the drain of the transistor 2331 (i.e., one of the voltage V,
and the voltage V,) is applied to a gate and one of a source and
a drain of the transistor 2335.

A gate of the transistor 2336 is electrically connected to the
other of the source and the drain of the transistor 2333. One of
a source and a drain of the transistor 2336 is electrically
connected to the other of the source and the drain of the
transistor 2335. The voltage which is the same as that at the
other of the source and the drain of the transistor 2332 (i.e.,
the other of the voltage V, and the voltage V) is applied to the
other of the source and the drain of the transistor 2336.

A gate of the transistor 2337 is electrically connected to the
other of the source and the drain of the transistor 2335. The
voltage which is the same as that at one of the source and the
drain of the transistor 2331 (i.e., one of the voltage V, and the
voltage V,) is applied to one of a source and a drain of the
transistor 2337.

A gate of the transistor 2338 is electrically connected to the
other of the source and the drain of the transistor 2333. One of
a source and a drain of the transistor 2338 is electrically
connected to the other of the source and the drain of the
transistor 2337. The voltage which is the same as that at the
other of the source and the drain of the transistor 2332 (i.e.,
the other of the voltage V, and the voltage V,) is applied to the
other of the source and the drain of the transistor 2338.

In the control circuit illustrated in FIG. 6E, the signal S27
is input to the gate of the transistor 2332, and the voltage at the
other of the source and the drain of the transistor 2337 is
output as the signal S23.

Next, an example of operation of the control circuit in the
electronic circuit in this embodiment will be described with
reference to FIG. 7. FIG. 7 is a timing chart illustrating an
example of operation of the control circuit illustrated in FIG.
5A, and illustrates the waveforms of the signal S27 and the
signal S23. Note that in the example of the operation of the
control circuit in the electronic circuit in this embodiment,
which is described with reference to FIG. 7, the voltage V, is
applied to the second terminal of the capacitor 2212, is a
ground potential, and has a value which is the same as that of
a low-level voltage of a digital signal.

As illustrated in FIG. 7, at the time t1, the signal S27 input
to the control circuit rises. Since the signal S27 is delayed in
the control circuit at that time, the signal S23 output from the
control circuit can be considered to rise at the time t2 as shown
by a dotted line 290.

As illustrated in FIGS. 5A to 5H and FIGS. 6A to 6E as
examples, the example of the control circuit in the electronic
circuit in this embodiment can be formed using a delay cir-
cuit. By the formation of the control circuit by using the delay
circuit, for example, an output signal of a second sequential
circuit, which is input to the control circuit, can be delayed
and the delayed signal can be output from the control circuit
to a first sequential circuit in the electronic circuit in this
embodiment. The delay time of the output signal from the
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control circuit can be represented by the product of the
capacitance value of a capacitor and the resistance value of a
resistor. For example, the delay time can be set in such a
manner that the capacitance value of the capacitor and the
resistance value of the resistor are set as appropriate in accor-
dance with specifications for the electronic circuit in this
embodiment. Accordingly, for example, a signal input to a
sequential circuit is delayed in consideration of delay of
operation in the sequential circuit, whereby adverse effects of
the delay of the operation in the sequential circuit can be
suppressed, and a malfunction due to the sequential circuit
can be prevented.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 3)

In this embodiment, an example of an electronic circuit
which is one embodiment of the present invention will be
described.

A configuration of an electronic circuit in this embodiment
will be described with reference to FIG. 8. FIG. 8 is a block
diagram illustrating an example of a configuration of the
electronic circuit in this embodiment.

The electronic circuit illustrated in FIG. 8 at least includes
the sequential circuit 2011, the sequential circuit 2012, a
control circuit 2022A, and a control circuit 2022B. Note that
the description of the electronic circuit in FIG. 3 is employed
as appropriate for portions which have the same configuration
as the electronic circuit in FIG. 3; the other portions will be
described below.

The control circuit 2022A has a function of outputting a
signal whose voltage state is set in accordance with the signal
S24 which is input from the sequential circuit 2011, to the
sequential circuit 2011 as the signal S23. The control circuit
2022A can be electrically connected to the sequential circuit
2011, for example.

The control circuit 2022B has a function of outputting a
signal whose voltage state is set in accordance with the signal
S27 which is input from the sequential circuit 2012, to the
sequential circuit 2012 as the signal S26. The control circuit
2022B can be electrically connected to the sequential circuit
2012, for example.

Note that in the electronic circuit in this embodiment, the
sequential circuit 2012 and the control circuit 2022B are not
necessarily provided.

As illustrated in FIG. 8 as an example, the example of the
electronic circuit in this embodiment includes a sequential
circuit (e.g., the sequential circuit 2011) and a control circuit
(e.g., the control circuit 2022 A); a first signal (e.g., the signal
S21), a second signal (e.g., the signal S22), and a third signal
(e.g., the signal S23) are input to the sequential circuit and the
sequential circuit outputs a fourth signal (e.g., the signal S24);
and the control circuit controls the voltage state of any of the
signals input to the sequential circuit (e.g., the signal S23).
Note that this embodiment is not limited to this structure. The
electronic circuit in this embodiment can have a structure, for
example, including sequential circuits of N stages constituted
by N sequential circuits and a control circuit to which a signal
output from the Kth stage sequential circuit (K is a natural
number of 1 to N) is input and from which a signal whose
voltage state is set in accordance with the voltage state of the
inputted signal is output to the Kth stage sequential circuit.

Next, an example of operation of the electronic circuit in
this embodiment will be described with reference to FIG. 9.
FIG. 9 is a timing chart illustrating an example of the opera-
tion of the electronic circuit illustrated in FIG. 8, and illus-
trates the waveforms of the signals S21 to S27. Note that in the
example of the operation of the electronic circuit in FIG. 8,
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which is described with reference to FIG. 9, each of the
signals S21 to S27 is a binary digital signal, the signal S22 is
a first clock signal, and the signal S25 is an inverted clock
signal of the first clock signal. Further, in the operation of the
electronic circuit in this embodiment, the voltage state of each
signal illustrated in FIG. 9 can be inverted.

In the example of the operation of the electronic circuit in
FIG. 8, aperiod can be divided into a period 221, aperiod 222,
and a period 223 as illustrated in FIG. 9. The operation in each
period is described below.

First, in the period 221, at the time C1, the signal S21 is set
to High level; the signal S22 is set to Low level; and the signal
S25 is set to High level.

At that time, the sequential circuit 2011 is set to a set state.
Moreover, the signal S24 is at Low level in accordance with
the voltage state of the signals S21 to S23. When the signal
S24 is at Low level, the signal S23, which is an output signal
of the control circuit 2022A, is at High level in accordance
with the voltage state of the signal S24. Furthermore, the
signal S27 is at Low level in accordance with the voltage state
of'the signals S24 to S26. When the signal S27 is at Low level,
the signal S26, which is an output signal of the control circuit
2022B, is at High level.

Then, in the period 222, at the time C2, the signal S21 is set
to Low level; the signal S22 is set to High level; and the signal
S25 is set to Low level.

At that time, the signal S24 is set to High level in accor-
dance with the voltage state of the signals S21 to S23. When
the signal S24 is set to High level, the signal S23 is set to Low
level in accordance with the voltage state of the signal S24,
and the sequential circuit 2012 is set to a set state. Moreover,
the signal S27 is at Low level in accordance with the voltage
state of the signals S24 to S26. When the signal S27 is at Low
level, the signal S26 is at High level in accordance with the
voltage state of the signal S27.

Then, in the period 223, at the time C3, the signal S21
remains at Low level; the signal S22 is set to Low level; and
the signal S25 is set to High level.

At that time, the signal S24 is set to Low level in accor-
dance with the voltage state of the signals S21 to S23. More-
over, when the signal S24 is set to Low level, the signal S23 is
set to High level in accordance with the voltage state of the
signal S24. When the signal S23 is set to High level, the
sequential circuit 2011 is set to a reset state. The signal S24
remains at Low level during the time in which the sequential
circuit 2011 is in the reset state. Moreover, the signal S27 is
set to High level in accordance with the voltage state of the
signals S24 to S26. When the signal S27 is set to High level,
the signal S26 is set to Low level in accordance with the
voltage state of the signal S27.

The electronic circuit in this embodiment is operated as
described in FIG. 8 and FIG. 9 as an example, whereby the
voltage state of a signal input to the sequential circuit can be
set in accordance with the voltage state of an output signal of
the sequential circuit. Accordingly, a reset signal of the
sequential circuit can be set to the first voltage state after the
output signal of the sequential circuit is set to the second
voltage state from the first voltage state. For example, even in
the case where operation in the sequential circuit is delayed,
the voltage state of a reset signal input to the sequential circuit
is set in accordance with the voltage state of the output signal
of'the sequential circuit. Thus, a malfunction in the sequential
circuit can be prevented.

Next, an example of a circuit configuration of the control
circuit in the electronic circuit in this embodiment will be
described with reference to FIGS. 10A to 10C. FIGS. 10A to
10C are circuit diagrams each illustrating an example of a
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circuit configuration of the control circuit (the control circuit
2022A) in the electronic circuit illustrated in FIG. 8. Note that
in description of the control circuits illustrated in FIGS. 10A
to 10C, the description of the electronic circuit illustrated in
FIG. 8 is employed as appropriate.

The control circuit illustrated in FIG. 10A includes an
inverter 2251. The signal S24 is input to the inverter 2251, and
the signal S23 is output from the inverter 2251. Note that FI1G.
10A illustrates the control circuit including one inverter; how-
ever, this embodiment is not limited to this structure. The
control circuit in the electronic circuit in this embodiment can
have a structure in which (2L.-1) inverters (L. is a natural
number) are electrically connected in series.

FIGS. 10B and 10C each illustrate an example of a circuit
configuration of the inverter 2251 in FIG. 10A.

The inverter illustrated in FIG. 10B includes a transistor
2253 and a transistor 2254. As an example, all the transistors
in the control circuit illustrated in FIGS. 10A to 10C are field
effect transistors of the same conductivity. When all the tran-
sistors have the same conductivity, the number of manufac-
turing steps can be reduced as compared to the case where
transistors with different conductivities are used.

One ofthe voltage V, and the voltage V, is applied to a gate
and one of a source and a drain of the transistor 2253.

One of a source and a drain of the transistor 2254 is elec-
trically connected to the other of the source and the drain of
the transistor 2253. The other of the voltage V, and the volt-
age V, is applied to the other of the source and the drain of the
transistor 2254.

In the inverter illustrated in FIG. 10B, the signal S24 is
input to the gate of the transistor 2254, and the voltage at the
other of the source and the drain of the transistor 2253 is
output as the signal S23.

The inverter illustrated in FIG. 10C includes a transistor
2255 and a transistor 2256 in addition to the circuit configu-
ration illustrated in FIG. 10B.

A gate of the transistor 2255 is electrically connected to the
other of the source and the drain of the transistor 2253. The
voltage which is the same as that at one of the source and the
drain of the transistor 2253 (i.e., one of the voltage V, and the
voltage V,) is applied to one of a source and a drain of the
transistor 2255.

One of a source and a drain of the transistor 2256 is elec-
trically connected to the other of the source and the drain of
the transistor 2255. The voltage which is the same as that at
the other of the source and the drain of the transistor 2254
(i.e., the other of the voltage V, and the voltage V) is applied
to the other of the source and the drain of the transistor 2256.

In the inverter illustrated in FIG. 10C, the signal S24 is
input to the gate of the transistor 2254, and the voltage at the
other of the source and the drain of the transistor 2255 is
output as the signal S23. Note that the voltage of the output
signal of the inverter in FIG. 10C can be made higher than that
of the inverter in FIG. 10B.

Asillustrated in FIGS. 10A to 10C as examples, the control
circuit in the electronic circuit in this embodiment can include
an inverter. With such a structure, a signal whose voltage state
is set in accordance with the voltage state of a signal input to
the control circuit can be output as an output signal. More-
over, a node to which an output signal of a sequential circuit
is input and a node from which a signal to be input to the
sequential circuit is output are not electrically connected to
each other, resulting in reducing adverse effects of delay of
the output signal from the sequential circuit on the signal
input to the sequential circuit.

Note that the configuration of the control circuit illustrated
in FIGS. 10A to 10C can also be applied to the control circuit
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20228 illustrated in FIG. 8. In that case, in the description of
the control circuit illustrated in FIGS. 10A to 10C, the signal
S23 is replaced by the signal S26 and the signal S24 is
replaced by the signal S27.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 4)

In this embodiment, an example of an electronic circuit
which is one embodiment of the present invention will be
described.

A configuration of an electronic circuit in this embodiment
will be described with reference to FIG. 11. FIG. 11 is a block
diagram illustrating an example of a configuration of the
electronic circuit in this embodiment.

The electronic circuit illustrated in FIG. 11 atleast includes
the sequential circuit 2011, the sequential circuit 2012, and a
control circuit 2023. Note that the description of the elec-
tronic circuitin FIG. 3 is employed as appropriate for portions
which have the same configuration as the electronic circuit in
FIG. 3; the other portions will be described below.

The control circuit 2023 has a function of outputting a
signal whose voltage state is set in accordance with the signal
S24 which is input from the sequential circuit 2011 and the
signal S27 which is input from the sequential circuit 2012, to
the sequential circuit 2011 as the signal S23. The control
circuit 2023 can be electrically connected to the sequential
circuit 2011 and the sequential circuit 2012, for example.

As illustrated in FIG. 11 as an example, the example of the
electronic circuit in this embodiment includes a first sequen-
tial circuit (e.g., the sequential circuit 2011), a second sequen-
tial circuit (e.g., the sequential circuit 2012), and a control
circuit (e.g., the control circuit 2023); a first signal, a second
signal, and a third signal are input to the first sequential circuit
and the first sequential circuit outputs a fourth signal; the
fourth signal, a fifth signal, and a sixth signal are input to the
second sequential circuit and the second sequential circuit
outputs a seventh signal; and the control circuit controls the
voltage state of any of the signals input to the first sequential
circuit (e.g., the signal S23). Note that this embodiment is not
limited to this structure, and the electronic circuit in this
embodiment can have a structure including sequential cir-
cuits of (N+1) stages including (N+1) sequential circuits and
a control circuit to which output signals from the Kth stage
sequential circuit and the (K+1)th stage sequential circuit are
input and from which a signal whose voltage state is set in
accordance with the voltage state of the inputted signals is
output to the Kth stage sequential circuit.

Next, an example of operation of the electronic circuit in
this embodiment will be described with reference to FIG. 12.
FIG. 12 is a timing chart illustrating an example of the opera-
tion of the electronic circuit illustrated in FIG. 11, and illus-
trates the waveforms of the signals S21 to S27. Note that in the
example of the operation of the electronic circuit in FIG. 11,
which is described with reference to FIG. 12, each of the
signals S21 to S27 is a binary digital signal, the signal S22 is
a first clock signal, and the signal S25 is an inverted clock
signal of the first clock signal. Further, in the operation of the
electronic circuit in this embodiment, the voltage state of each
signal illustrated in FIG. 12 can be inverted.

In the example of the operation of the electronic circuit in
FIG. 11, a period can be divided into a period 231, a period
232, and a period 233 as illustrated in FIG. 12. The operation
in each period is described below.

First, in the period 231, at the time D1, the signal S21 is set
to High level; the signal S22 is set to Low level; the signal S25
is set to High level; and the signal S26 remains at Low level.
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At that time, the sequential circuit 2011 is set to a set state.
Moreover, the signal S24, which is the output signal of the
sequential circuit 2011, is at Low level in accordance with the
voltage state of the signals S21 to S23. Further, the signal S27
is at Low level in accordance with the voltage state of the
signals S24 to S26. When the signal S24 is at Low level and
the signal S27 is at Low level, the signal S23, which is the
output signal of the control circuit 2023, is at Low level in
accordance with the voltage state of the signals S24 and S27.

Then, in the period 232, at the time D2, the signal S21 is set
to Low level; the signal S22 is set to High level; the signal S25
is set to Low level; and the signal S26 remains at Low level.

At that time, the signal S24 is set to High level in accor-
dance with the voltage state of the signals S21 to S23. When
the signal S24 is set to High level, the sequential circuit 2012
is set to a set state. Moreover, the signal S27 remains at Low
level in accordance with the voltage state of the signals S24 to
S26. Further, when the signal S24 is at High level and the
signal S27 is at Low level, the signal S23 remains at Low level
in accordance with the voltage state of the signal S24 and the
signal S27.

Then, in the period 233, at the time D3, the signal S21
remains at Low level; the signal S22 is set to Low level; the
signal S25 is set to High level; and the signal S26 remains at
Low level.

At that time, the signal S24 is set to Low level in accor-
dance with the voltage state of the signals S21 to S23. More-
over, the signal S27 is set to High level in accordance with the
voltage state of the signals S24 to S26. When the signal S24 is
set to High level and the signal S27 is set to Low level, the
signal S23 is set to High level in accordance with the voltage
state of the signal S24 and the signal S27. Furthermore, when
the signal S23 is set to High level, the sequential circuit 2011
is set to a reset state. The signal S24 remains at Low level
during the time in which the sequential circuit 2011 is in the
reset state.

The electronic circuit in this embodiment is operated as
described in FIG. 12 as an example, whereby at least one
voltage state of signals input to one sequential circuit can be
set in accordance with the voltage state of output signals of a
plurality of sequential circuits. Accordingly, a reset signal of
the first sequential circuit can be set to the first voltage state
after the output signal of the first sequential circuit is set to the
second voltage state from the first voltage state, and more-
over, the voltage state of the output signal can be correctly
controlled as compared to the case where the voltage state of
a signal input to one sequential circuit is controlled by using
an output signal of the sequential circuit. For example, even in
the case where operation in each sequential circuit is delayed,
the voltage state of a reset signal input to one sequential
circuit is set in accordance with the voltage state of the output
signal of each sequential circuit. Thus, a malfunction in the
sequential circuit can be prevented, and a malfunction in the
electronic circuit can be prevented.

Next, an example of a circuit configuration of the control
circuit in the electronic circuit in this embodiment will be
described with reference to FIGS. 13A to 13G. FIGS. 13A to
13G are circuit diagrams each illustrating an example of a
circuit configuration of the control circuit (the control circuit
2023) in the electronic circuit illustrated in FIG. 11.

The control circuit illustrated in FIG. 13A includes an
inverter 241 and a NOR gate (also referred to as a NOR
circuit) 242. The NOR gate 242 is electrically connected to
the inverter 241. The signal S24 is input to the NOR gate 242.
The signal S27 is input to the inverter 241. The signal S23 is
output from the NOR gate 242.
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FIG. 13B illustrates an example of a circuit configuration
of the control circuit illustrated in FIG. 13A.

The control circuit illustrated in FIG. 13B includes a tran-
sistor 2411, a transistor 2412, a transistor 2421, a transistor
2422, and a transistor 2423. As an example, all the transistors
in the control circuit illustrated in FIGS. 13A to 13G are field
effect transistors of the same conductivity. When all the tran-
sistors have the same conductivity, the number of manufac-
turing steps can be reduced as compared to the case where
transistors with different conductivities are used.

One of the voltage V, and the voltage V, is applied to a gate
and one of a source and a drain of the transistor 2411.

One of a source and a drain of the transistor 2412 is elec-
trically connected to the other of the source and the drain of
the transistor 2411. One of the voltage V, and the voltage V,
is applied to the other of the source and the drain of the
transistor 2412.

The voltage which is the same as that at one of the source
and the drain of the transistor 2411 (i.e., one of the voltage V,
and the voltage V) is applied to a gate and one of a source and
a drain of the transistor 2421.

One of a source and a drain of the transistor 2422 is elec-
trically connected to the other of the source and the drain of
the transistor 2421. The voltage which is the same as that at
the other of the source and the drain of the transistor 2412
(i.e., the other of the voltage V, and the voltage V) is applied
to the other of the source and the drain of the transistor 2422.

A gate of the transistor 2423 is electrically connected to the
other of the source and the drain of the transistor 2411. One of
a source and a drain of the transistor 2423 is electrically
connected to the other of the source and the drain of the
transistor 2421. The voltage which is the same as that at the
other of the source and the drain of the transistor 2412 (i.e.,
the other of the voltage V, and the voltage V) is applied to the
other of the source and the drain of the transistor 2423.

Inthe control circuit illustrated in FIG. 13B, the signal S24
is input to the gate of the transistor 2422, the signal S27 is
input to the gate of the transistor 2412, and the voltage at the
other of the source and the drain of the transistor 2421 is
output as the signal S23.

The control circuit illustrated in FIG. 13C includes a tran-
sistor 2424, a transistor 2425, and a transistor 2426 in addition
to the circuit configuration illustrated in FIG. 13B.

A gate of the transistor 2424 is electrically connected to the
other of the source and the drain of the transistor 2421. The
voltage which is the same as that at one of the source and the
drain of the transistor 2411 (i.e., one of the voltage V, and the
voltage V,) is applied to one of a source and a drain of the
transistor 2424.

One of a source and a drain of the transistor 2425 is elec-
trically connected to the other of the source and the drain of
the transistor 2424. The voltage which is the same as that at
the other of the source and the drain of the transistor 2412
(i.e., the other of the voltage V, and the voltage V) is applied
to the other of the source and the drain of the transistor 2425.

A gate of the transistor 2426 is electrically connected to the
other of the source and the drain of the transistor 2411. One of
a source and a drain of the transistor 2426 is electrically
connected to the other of the source and the drain of the
transistor 2424. The voltage which is the same as that at the
other of the source and the drain of the transistor 2412 (i.e.,
the other of the voltage V, and the voltage V) is applied to the
other of the source and the drain of the transistor 2426.

Inthe control circuit illustrated in FIG. 13C, the signal S24
is input to the gate of the transistor 2422 and the gate of the
transistor 2425, the signal S27 is input to the gate of the
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transistor 2412, and the voltage at the other of the source and
the drain of the transistor 2424 is output as the signal S23.

The control circuit illustrated in FIG. 13D includes a tran-
sistor 2413 and a transistor 2414 in addition to the circuit
configuration illustrated in FIG. 13C.

A gate of the transistor 2413 is electrically connected to the
other of the source and the drain of the transistor 2411. The
voltage which is the same as that at one of the source and the
drain of'the transistor 2411 (i.e., one of the voltage V, and the
voltage V,) is applied to one of a source and a drain of the
transistor 2413.

One of a source and a drain of the transistor 2414 is elec-
trically connected to the other of the source and the drain of
the transistor 2413. The other of the voltage V, and the volt-
age V, is applied to the other of the source and the drain of the
transistor 2414.

Unlike in the control circuit illustrated in FIG. 13C, the
gate of the transistor 2426 is electrically connected to the
other of the source and the drain of the transistor 2413 in the
control circuit illustrated in FIG. 13D.

In the control circuit illustrated in FIG. 13D, the signal S24
is input to the gate of the transistor 2422 and the gate of the
transistor 2425; the signal S27 is input to the gate of the
transistor 2412 and the gate of the transistor 2414; and the
voltage at the other of the source and the drain of the transistor
2424 is output as the signal S23.

The control circuit illustrated in FIG. 13E includes an
inverter 2431 and an AND gate (also referred to as an AND
circuit) 2432. The AND gate 2432 is electrically connected to
the inverter 2431. The signal S24 is input to the inverter 2431.
The signal S27 is input to the AND gate 2432. The signal S23
is output from the AND gate 2432.

The control circuit illustrated in FIG. 13F includes a tran-
sistor 2441, a transistor 2442, a transistor 2443, and a tran-
sistor 2444.

The signal S27 is input to one of a source and a drain of the
transistor 2441.

One of a source and a drain of the transistor 2442 is elec-
trically connected to the other of the source and the drain of
the transistor 2441. The voltage V, or the voltage V., is applied
to the other of the source and the drain of the transistor 2442.

A gate of the transistor 2443 is electrically connected to the
other of the source and the drain of the transistor 2441. The
signal S27 is input to one of a source and a drain of the
transistor 2443.

One of a source and a drain of the transistor 2444 is elec-
trically connected to the other of the source and the drain of
the transistor 2443. The voltage which is the same as that at
the other of the source and the drain of the transistor 2442
(i.e., the voltage V, orthe voltage V,) is applied to the other of
the source and the drain of the transistor 2444.

In the control circuit illustrated in FIG. 13F, the signal S24
is input to the gate of the transistor 2442 and the gate of the
transistor 2444; the signal S27 is input to the gate and one of
the source and the drain of the transistor 2441 and one of the
source and the drain of the transistor 2443; and the voltage at
the other of the source and the drain of the transistor 2443 is
output as the signal S23.

The control circuit illustrated in FIG. 13G includes a
capacitor 2451 and a transistor 2452.

One of a source and a drain of the transistor 2452 is elec-
trically connected to a second terminal of the capacitor 2451.
The voltage V, or the voltage V, is applied to the other of the
source and the drain of the transistor 2452.

In the control circuit illustrated in FIG. 13G, the signal S24
is input to a gate of the transistor 2452, the signal S27 is input
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through a first terminal of the capacitor 2451, and the voltage
at the second terminal of the capacitor 2451 is output as the
signal S23.

The control circuits illustrated in FIGS. 13A to 13G each
has a structure including a logic circuit to which two signals
are input and from which one signal is output. With this
structure, the state of the output signal can be set more cor-
rectly.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 5)

In this embodiment, an example of a circuit configuration
of a sequential circuit in an electronic circuit, which is one
embodiment of the present invention, will be described.

An example of a circuit configuration of a sequential circuit
in this embodiment will be described with reference to FIGS.
14A to 14E. FIGS. 14A to 14E are circuit diagrams each
illustrating an example of a circuit configuration of the
sequential circuit in this embodiment.

The sequential circuit illustrated in FIG. 14A includes a
transistor 311, a transistor 312, and a transistor 313. As an
example, all the transistors illustrated in FIGS. 14 A to 14E are
field effect transistors of the same conductivity. When all the
transistors have the same conductivity, the number of manu-
facturing steps can be reduced as compared to the case where
transistors with different conductivities are used.

A signal S31 is input to one of a source and a drain of the
transistor 311.

A gate of the transistor 312 is electrically connected to the
other of the source and the drain of the transistor 311. Note
that a portion where the gate of the transistor 312 is connected
to another element can be referred to as a node N1.

One of a source and a drain of the transistor 313 is electri-
cally connected to the other of the source and the drain of the
transistor 311. The voltage V, or the voltage V, is applied to
the other of the source and the drain of the transistor 313.

In the sequential circuit illustrated in FIG. 14 A, the signal
S31 is input to a gate and one of the source and the drain of the
transistor 311; a signal S32 is input to one of a source and a
drain of the transistor 312; a signal S33 is input to a gate of the
transistor 313; and the voltage at the other of the source and
the drain of the transistor 312 is output as a signal S34.

In the sequential circuit illustrated in FIG. 14A, instead of
the signal S31, a signal S35 which is an inverted clock signal
of the signal S32 can be input to one of the source and the
drain of the transistor 311. Alternatively, in the sequential
circuit in FIG. 14A, one of the voltage V, and the voltage V,
can be applied to one of the source and the drain of the
transistor 311 and the other of the voltage V, and the voltage
V, can be applied to the other of the source and the drain of the
transistor 313, instead of inputting the signal S31 to one of the
source and the drain of the transistor 311. Further alterna-
tively, the sequential circuit in FIG. 14A can have a structure
illustrated in FIG. 14B, in which the gate of the transistor 313
is electrically connected to the other of the source and the
drain of the transistor 311 and the signal S33 is input to the
other of the source and the drain of the transistor 313, instead
of'inputting the signal S33 to the gate of the transistor 313 and
applying the voltage V, or the voltage V, to the other of the
source and the drain of the transistor 313.

The sequential circuit illustrated in FIG. 14C includes a
transistor 314 in addition to the configuration of the sequen-
tial circuit illustrated in FIG. 14A. Note that in the sequential
circuit in FIG. 14C, the description of the sequential circuit in
FIG. 14A is employed as appropriate for the same portion as
the sequential circuit in FIG. 14A; the other portions will be
described below.
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One of a source and a drain of the transistor 314 is electri-
cally connected to the other of the source and the drain of the
transistor 312. The voltage which is the same as that at the
other of'the source and the drain of the transistor 313 (i.e., the
voltage V, or the voltage V,) is applied to the other of the
source and the drain of the transistor 314. Moreover, in the
sequential circuit in FIG. 14C, the signal S33 is input to a gate
of the transistor 314.

Note that in the sequential circuit in FIG. 14C, instead of
the signal S33, a signal S36 can be input to the gate of the
transistor 314.

The sequential circuit illustrated in FIG. 14D includes a
transistor 315 in addition to the configuration of the sequen-
tial circuit illustrated in FIG. 14A. Note that in the sequential
circuit in FIG. 14D, the description of the sequential circuit in
FIG. 14A is employed as appropriate for the same portion as
the sequential circuit in FIG. 14A; the other portions will be
described below.

A gate of the transistor 315 is electrically connected to the
other of the source and the drain of the transistor 311. One of
a source and a drain of the transistor 315 is electrically con-
nected to one of the source and the drain of the transistor 312.
Moreover, the sequential circuit in FIG. 14D outputs the
voltage at the other of the source and the drain of the transistor
315 as a signal S37.

The sequential circuit illustrated in FIG. 14E includes a
control circuit 316 and a transistor 317 in addition to the
configuration of the sequential circuit in FIG. 14C. Note that
in the sequential circuit in FIG. 14E, the description of the
sequential circuit in FIG. 14C is employed as appropriate for
the same portion as the sequential circuit in FIG. 14C; the
other portions will be described below.

The control circuit 316 has a function of outputting, as a
signal S39, a signal whose voltage state is set in accordance
with the voltage state of a signal S38 input to the control
circuit 316.

The signal S39 is input to a gate of the transistor 317 from
the control circuit 316. One of a source and a drain of the
transistor 317 is electrically connected to the gate of the
transistor 312. The voltage which is the same as that at the
other of'the source and the drain of the transistor 314 (i.e., the
voltage V, or the voltage V,) is applied to the other of the
source and the drain of the transistor 317.

Next, an example of a circuit configuration of the control
circuit 316 will be described with reference to FIGS. 15A to
15F. FIGS. 15A to 15F are circuit diagrams each illustrating
an example of a circuit configuration of the control circuit (the
control circuit 316) in the sequential circuit illustrated in FIG.
14E.

The control circuit illustrated in FIG. 15A includes a tran-
sistor 3611 and a transistor 3612. As an example, all the
transistors illustrated in FIGS. 15A to 15F are field effect
transistors of the same conductivity. When all the transistors
have the same conductivity, the number of manufacturing
steps can be reduced as compared to the case where transis-
tors with different conductivities are used.

One ofthe voltage V, and the voltage V, is applied to a gate
and one of a source and a drain of the transistor 3611.

One of a source and a drain of the transistor 3612 is elec-
trically connected to the other of the source and the drain of
the transistor 3611. The other of the voltage V, and the volt-
age V, is applied to the other of the source and the drain of the
transistor 3612.

In the control circuit illustrated in FIG. 15A, the signal S38
is input to a gate of the transistor 3612, and the voltage at the
other of the source and the drain of the transistor 3611 is
output as the signal S39.
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The control circuit illustrated in FIG. 15B includes a tran-
sistor 3613 and a transistor 3614 in addition to the configu-
ration of the control circuit in FIG. 15A. Note that in the
control circuit in FIG. 15B, the description of the control
circuit in FIG. 15A is employed as appropriate for the same
portion as the control circuit in FIG. 15A; the other portions
will be described below.

A gate of the transistor 3613 is electrically connected to the
other of the source and the drain of the transistor 3611. The
voltage which is the same as that at one of the source and the
drain of the transistor 3611 (i.e., one of the voltage V, and the
voltage V,) is applied to one of a source and a drain of the
transistor 3613.

One of a source and a drain of the transistor 3614 is elec-
trically connected to the other of the source and the drain of
the transistor 3613. The voltage which is the same as that at
the other of the source and the drain of the transistor 3612
(i.e., the other of the voltage V, and the voltage V) is applied
to the other of the source and the drain of the transistor 3614.

In the control circuit illustrated in FIG. 15B, instead of
applying one of the voltage V, and the voltage V,, the signal
S32 is input to the gate and one of the source and the drain of
the transistor 3611 and one of the source and the drain of the
transistor 3613.

Moreover, the control circuit in FIG. 15B outputs, as the
signal S39, the voltage at the other of the source and the drain
of'the transistor 3613 instead of the voltage at the other of the
source and the drain of the transistor 3611.

The control circuit illustrated in FIG. 15C includes a tran-
sistor 3615 in addition to the configuration of the control
circuit in FIG. 15A. Note that in the control circuit in FIG.
15C, the description of the control circuit in FIG. 15A is
employed as appropriate for the same portion as the control
circuit in FIG. 15A; the other portions will be described
below.

One of a source and a drain of the transistor 3615 is elec-
trically connected to the other of the source and the drain of
the transistor 3611. The voltage which is the same as that at
the other of the source and the drain of the transistor 3612
(i-e., the other of the voltage V, and the voltage V,) is applied
to the other of the source and the drain of the transistor 3615.

Moreover, in the control circuit in FIG. 15C, the signal S35
is input to a gate of the transistor 3615.

The control circuit illustrated in FIG. 15D includes a tran-
sistor 3616 in addition to a combination of the configurations
of'the control circuits illustrated in FIGS. 15B and 15C. Note
that in the control circuit in FIG. 15D, the description of the
control circuits in FIGS. 15B and 15C is employed as appro-
priate for the same portion as the control circuits in FIGS. 15B
and 15C; the other portions will be described below.

One of a source and a drain of the transistor 3616 is elec-
trically connected to the other of the source and the drain of
the transistor 3613. The voltage which is the same as that at
the other of the source and the drain of the transistor 3612
(i.e., the other of the voltage V, and the voltage V) is applied
to the other of the source and the drain of the transistor 3616.

In the control circuit in FIG. 15D, the signal S35 is input to
a gate of the transistor 3616.

The control circuit illustrated in FIG. 15E includes a tran-
sistor 3617 in addition to the configuration of the control
circuit in FIG. 15A. Note that in the control circuit in FIG.
15E, the description of the control circuit in FIG. 15A is
employed as appropriate for the same portion as the control
circuit in FIG. 15A; the other portions will be described
below.

One of a source and a drain of the transistor 3617 is elec-
trically connected to the gate of the transistor 3612. The
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voltage which is the same as that at the other of the source and
the drain of the transistor 3612 (i.e., the other of the voltage V,
and the voltage V) is applied to the other of the source and the
drain of the transistor 3617.

In the control circuit in FIG. 15E, the signal S31 is input to
a gate of the transistor 3617.

The control circuit illustrated in FIG. 15F includes a
capacitor 3621 and a transistor 3622.

The signal S32 is input through a first terminal of the
capacitor 3621.

One of a source and a drain of the transistor 3622 is elec-
trically connected to a second terminal of the capacitor 3621.
The voltage V, or the voltage V, is applied to the other of the
source and the drain of the transistor 3622.

In the control circuit illustrated in FIG. 15F, the signal S32
is input through the first terminal of the capacitor 3621, the
signal S38 is input to a gate of the transistor 3622, and the
voltage at the second terminal of the capacitor 3621 is output
as the signal S39.

Note that the signal S31 can function as a start signal (also
referred to as ST of a sequential circuit, for example, and
corresponds to the signal S1 in Embodiment 1, for example.

The signal S32 can function as a clock signal (also referred
to as CK ) of a sequential circuit, for example, and corre-
sponds to the signal S2 in Embodiment 1, for example.

The signal S33 can function as a reset signal (also referred
to as RE) of a sequential circuit, for example, and corre-
sponds to the signal S3 in Embodiment 1, for example.

Each ofthe signal S34 and the signal S37 can function as an
output signal of a sequential circuit and corresponds to the
signal S4 in Embodiment 1, for example. For example, the
signal S34 can function as an output signal (also referred to as
OUTg,) of a sequential circuit, and the signal S37 can func-
tion as an output signal (also referred to as OUT,,) of a
sequential circuit.

The signal S35 can function as a second clock signal (also
referred to as CKg,) of a sequential circuit, for example.

The signal S36 can function as a second reset signal of a
sequential circuit, for example. As for the signal S36, in the
case of a structure including sequential circuits of plural
stages, an output signal from the (K+1)th stage sequential
circuit can be used as the second reset signal of the Kth stage
sequential circuit.

As illustrated in FIG. 14E, a signal of the voltage of the
node N1 (such a signal is also referred to as a signal N1) can
be used as the signal S38, for example. Note that this embodi-
ment is not limited to this example. Instead of the signal N1,
the signal S34 can be used as the signal S38.

The signal S39 can function as an output signal (also
referred to as OUT; 4) of the control circuit 316.

Next, an example of operation of the sequential circuit in
this embodiment will be described with reference to FIG. 16.
FIG. 16 is a timing chart illustrating an example of the opera-
tion of the sequential circuit illustrated in FIG. 14A. Note that
in the example of the operation of the sequential circuit in
FIG. 14A, which is described with reference to FIG. 16, the
sequential circuit is the sequential circuit in the electronic
circuitin Embodiment 2; and as an example, all the transistors
311to 313 are n-channel transistors; all the signals S31 to S34
are binary digital signals; the signal S32 is a clock signal; and
a ground potential is applied to the other of the source and the
drain of the transistor 313. Further, in the operation of the
sequential circuit in this embodiment, the voltage state of
each signal illustrated in FIG. 16 can be inverted.

In the example of the operation of the sequential circuit in
FIG. 14A, a period can be divided into a period 351, a period
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352, and a period 353 as illustrated in FIG. 16. The operation
in each period is described below.

First, in the period 351, at the time E1, the signal S31 is set
to High level, the signal S32 is set to Low level, and the signal
S33 is at Low level.

At that time, the sequential circuit is set to a set state.
Moreover, the transistor 311 is turned on, and the potential of
the node N1 starts to increase. The potential of the node N1 is
increased to V,—V 5, , (thethreshold voltage of the transistor
311). When the potential of the node N1 becomes V-V 511,
the transistor 311 is turned off and the node N1 is set to a
floating state. Moreover, when the absolute value of the
potential of the node N1 becomes larger than the absolute
value of the threshold voltage (V ,;,,) of the transistor 312,
the transistor 312 is turned off and the signal S34 is at Low
level.

Next, in the period 352, at the time E2, the signal S31 is set
to Low level, the signal S32 is set to High level, and the signal
S33 is at Low level.

Since the transistor 311 is kept off at that time, the potential
of the node N1 remains at V-V ;5.

The transistor 312 is kept on when the potential of the node
N1 remains atV,—V 5, and the potential of the other of the
source and the drain of the transistor 312 starts to increase
when the potential of one of the source and the drain of the
transistor 312 is V. Accordingly, since the node N1 is in a
floating state, the potential of the node N1 starts to rise in
accordance with the potential of an output signal because of
capacitive coupling of capacitance (e.g., parasitic capaci-
tance) generated between the gate and the other of the source
and the drain of the transistor 312. This is so-called bootstrap
operation.

The potential of the node N1 is increased to a value larger
than the sum of the potential of the node N1 in the period 351
and the threshold voltage of the transistor 312, that is,
Vit+V,s1.+V, (V, is a given positive value). Atthat time, the
transistor 312 is kept on.

Next, in the period 353, at the time E3, the signal S31 is at
Low level, the signal S32 is set to Low level, and the signal
S33 remains at Low level.

At that time, the transistor 312 is kept on, and the potential
of the other of the source and the drain of the transistor 312
starts to decrease when the potential of one of the source and
the drain of the transistor 312 is V. Since the node N1 is in a
floating state, the potential of the node N1 starts to fall
because of capacitive coupling of the capacitance generated
between the gate and the other of the source and the drain of
the transistor 312.

The potential of the node N1 is decreased to V,+V ;, 5,,.
When the potential of the node N1 becomes V;+V,,, 5,,, the
transistor 312 is turned off. Note that in the example of the
operation of the sequential circuit in FIG. 14A, which is
described with reference to FIG. 16, V;+V, 5,, is equal to
V=V ;311 however, this embodiment is not limited to this
example, and V;+V,, 5,, and V-V, 5, can be different val-
ues in the sequential circuit in this embodiment. At that time,
the signal S34 is set to Low level. Then, when the signal S33
is set to High level at the time E4, the transistor 313 is turned
on, the potential of the node N1 is set to Vyp, and the
sequential circuit is set in a reset state. The transistor 312 is
kept off during the time in which the sequential circuit is in the
reset state.

As illustrated in FIGS. 14A to 14E and FIGS. 15A to 15F
as examples, the sequential circuit in the electronic circuit in
this embodiment can be constituted by field effect transistors
of the same conductivity, for example. By using the transis-
tors of the same conductivity, the number of manufacturing
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steps can be reduced as compared to the case where transis-
tors with different conductivities are used.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 6)

In this embodiment, an example of a structure of a transis-
tor that can be used in an electronic circuit which is one
embodiment of the present invention will be described.
(Structure 1)

An example of a structure of a transistor in this embodi-
ment, which can be used in the electronic circuit which is one
embodiment of the present invention, will be described with
reference to FIG. 17. FIG. 17 is a cross-sectional view illus-
trating an example of a structure of the transistor in this
embodiment, which can be used in the electronic circuit
which is one embodiment of the present invention.

The transistor illustrated in FIG. 17 includes, over a sub-
strate 1101, a gate electrode 1103; a microcrystalline semi-
conductor layer 1115a; a mixed layer 1115b; a layer 1129c¢
containing an amorphous semiconductor; a gate insulating
layer 1105 provided between the gate electrode 1103 and the
microcrystalline semiconductor layer 11154, impurity semi-
conductor layers 1127 which are in contact with the layer
1129c¢ containing the amorphous semiconductor and include
regions with a function of a source region or a drain region;
and wirings 1125 which are in contact with the impurity
semiconductor layers 1127.

Note that when it is described that “A is provided over or on
B” in this specification, A is not necessarily provided on and
in direct contact with B. For example, the case where another
object is placed between A and B in the cross-sectional view
is also included unless otherwise specified. Here, each of A
and B corresponds to an object (e.g., a device, an clement, a
circuit, a wiring, an electrode, a terminal, a film, or a layer).

Similarly, when it is described that “A is provided under
B”, B is not necessarily provided under and in direct contact
with A. For example, the case where another object is placed
between A and B in the cross-sectional view is also included
unless otherwise specified.

As the substrate 1101, a glass substrate, a ceramic sub-
strate, a plastic substrate with heat resistance which can with-
stand process temperature in the manufacturing steps, or the
like can be used. When the substrate 1101 does not need a
light-transmitting property, a metal substrate (e.g., a stainless
steel alloy substrate) whose surface is provided with an insu-
lating layer may be used as the substrate 1101. As the glass
substrate, an alkali-free glass substrate of barium borosilicate
glass, aluminoborosilicate glass, aluminosilicate glass, or the
like may be used, for example. Moreover, as the substrate
1101, a glass substrate having any of the following size can be
used: the 3rd generation (550 mmx650 mm); the 3.5th gen-
eration (600 mmx720 mm or 620 mmx750 mm); the 4th
generation (680 mmx880 mm or 730 mmx920 mm); the Sth
generation (1100 mmx1300 mm); the 6th generation (1500
mmx1850 mm); the 7th generation (1870 mmx2200 mm);
the 8th generation (2200 mmx2400 mm); the 9th generation
(2400 mmx2800 mm or 2450 mmx3050 mm); and the 10th
generation (2950 mmx3400 mm).

The gate electrode 1103 can be formed using a metal mate-
rial such as molybdenum, titanium, chromium, tantalum,
tungsten, aluminum, copper, neodymium, or scandium; or an
alloy material containing any of these materials as a main
component. Moreover, the gate electrode 1103 can be formed
by stacking the materials that can be used for forming the gate
electrode 1103. Alternatively, the gate electrode 1103 may be
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formed using a semiconductor layer typified by polycrystal-
line silicon doped with an impurity element such as phospho-
rus, or an AgPdCu alloy.

For example, as a two-layer structure of the gate electrode
1103, a two-layer structure in which a molybdenum layer is
stacked over an aluminum layer, a two-layer structure in
which a molybdenum layer is stacked over a copper layer, a
two-layer structure in which a titanium nitride layer or a
tantalum nitride layer is stacked over a copper layer, or a
two-layer structure in which a titanium nitride layer and a
molybdenum layer are stacked is preferably employed. As a
three-layer structure of the gate electrode 1103, a stack of a
tungsten layer or a tungsten nitride layer, an alloy layer of
aluminum and silicon or an alloy layer of aluminum and
titanium, and a titanium nitride layer or a titanium layer is
preferably employed. When a metal layer functioning as a
barrier layer is stacked over a layer with low electric resis-
tance, the electric resistance can be reduced and diffusion of
a metal element from the metal layer into the semiconductor
layer can be prevented.

Note that in order to increase adhesion between the gate
electrode 1103 and the substrate 1101, anitride layer of any of
the above metal materials may be provided between the sub-
strate 1101 and the gate electrode 1103.

The gate insulating layer 1105 can be formed using a single
layer or a stack of any of a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, and a silicon nitride oxide
layer by a CVD method, a sputtering method, or the like.

Note that in this specification, silicon oxynitride contains
more oxygen than nitrogen, and in the case where measure-
ments are performed using Rutherford backscattering spec-
trometry (RBS) and hydrogen forward scattering (HFS), sili-
con oxynitride preferably contains oxygen, nitrogen, silicon,
and hydrogen at concentrations ranging from 50 at. % to 70 at.
%, 0.5 at. % to 15 at. %, 25 at. % to 35 at. %, and 0.1 at. % to
10 at. %, respectively. Further, silicon nitride oxide contains
more nitrogen than oxygen, and in the case where measure-
ments are conducted using RBS and HFS, silicon nitride
oxide preferably contains oxygen, nitrogen, silicon, and
hydrogen at concentrations ranging from 5 at. % to 30 at. %,
20 at. % to 55 at. %, 25 at. % to 35 at. %, and 10 at. % to 30
at. %, respectively. Note that percentages of nitrogen, oxygen,
silicon, and hydrogen fall within the ranges given above,
where the total number of atoms contained in the silicon
oxynitride or the silicon nitride oxide is defined as 100 at. %.

A microcrystalline semiconductor included in the microc-
rystalline semiconductor layer 1115a is a semiconductor hav-
ing an intermediate structure between amorphous and crys-
talline (including single crystal and polycrystalline)
structures. A microcrystalline semiconductor is a semicon-
ductor having a third state that is stable in terms of free energy
and a crystalline semiconductor having short-range order and
lattice distortion, in which columnar crystals or needle-like
crystals having a crystal grain size of 2 nm to 200 nm, pref-
erably 10 nm to 80 nm, more preferably 20 nm to 50 nm have
grown in a direction normal to the substrate surface. There-
fore, a crystal grain boundary is sometimes formed at the
interface of the columnar crystals or the needle-like crystals.

The Raman spectrum of microcrystalline silicon, which is
a typical example of a microcrystalline semiconductor, is
shifted to a wave number lower than 520 cm™, which repre-
sents a peak of the Raman spectrum of single crystal silicon.
That is, the peak of the Raman spectrum of microcrystalline
silicon is located between 480 cm™", which represents amor-
phous silicon, and 520 cm™, which represents single crystal
silicon. Moreover, a microcrystalline semiconductor contains
hydrogen or halogen of at least 1 at. % or more in order to
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terminate dangling bonds. Further, a microcrystalline semi-
conductor contains a rare gas element such as helium, argon,
krypton, or neon to further promote lattice distortion,
whereby the stability is increased and a favorable microcrys-
talline semiconductor can be obtained. Such a microcrystal-
line semiconductor is disclosed in, for example, U.S. Pat. No.
4,409,134.

Further, when the concentration of oxygen and nitrogen
contained in the microcrystalline semiconductor layer 11154
measured by secondary ion mass spectrometry is less than
1x10'® atoms/cm?, the crystallinity of the microcrystalline
semiconductor layer 11154 can be improved.

The layer 1129¢ containing the amorphous semiconductor
has an amorphous structure. Moreover, the layer 1129¢ con-
taining the amorphous semiconductor sometimes includes
semiconductor crystal grains having a grain size of 1 nmto 10
nm, preferably 1 nm to 5 nm Here, the layer 1129¢ containing
the amorphous semiconductor corresponds to a semiconduc-
tor layer having lower energy at an Urbach edge and a smaller
amount of defect absorption spectra which are measured by a
constant photocurrent method (CPM) or photoluminescence
spectroscopy, as compared to a conventional amorphous
semiconductor layer. That is, the layer 1129¢ containing the
amorphous semiconductor is a well-ordered semiconductor
layer which has fewer defects and whose tail slope of a level
at a band edge in the valence band is steeper, as compared to
the conventional amorphous semiconductor layer. Since the
tail of the level at the band edge in the valence band is steep in
the layer 1129¢ containing the amorphous semiconductor, the
band gap gets wider, and tunneling current does not easily
flow.

Note that amorphous silicon is a typical example of the
amorphous semiconductor in the layer 1129¢ containing the
amorphous semiconductor.

Further, the layer 1129¢ containing the amorphous semi-
conductor may include nitrogen, an NH group, or an NH,
group.

FIGS. 18A and 18B are enlarged views each illustrating a
region between the gate insulating layer 1105 and the impu-
rity semiconductor layer 1127 functioning as the source
region or the drain region in FIG. 17, and specifically illus-
trate the mixed layer 11155 in detail.

As illustrated in FIG. 18A, the mixed layer 11155 is pro-
vided between the microcrystalline semiconductor layer
11154 and the layer 1129¢ containing the amorphous semi-
conductor. Moreover, the mixed layer 11155 includes micro-
crystalline semiconductor regions 11084 and an amorphous
semiconductor region 11085 for filling a space between the
microcrystalline semiconductor regions 1108a. Specifically,
the mixed layer 11155 includes the microcrystalline semicon-
ductor regions 1108a which protrudes from the microcrystal-
line semiconductor layer 11154 and the amorphous semicon-
ductor region 11085 which is formed using a similar kind of
semiconductor to the layer 1129¢ containing the amorphous
semiconductor. Note that the amorphous semiconductor
region 11085 included in the mixed layer 111556 may include
semiconductor crystal grains having a grain size of 1 nmto 10
nm, preferably 1 nm to 5 nm.

The microcrystalline semiconductor region 1108a is a
region of a microcrystalline semiconductor having a conical
or pyramidal shape or a projecting shape with a tip that
narrows from the gate insulating layer 1105 to the layer 1129¢
containing the amorphous semiconductor. Alternatively, the
microcrystalline semiconductor region 1108¢ may be a
region of a microcrystalline semiconductor having a conical
or pyramidal shape or a projecting shape with a width increas-
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ing from the gate insulating layer 1105 to the layer 1129c¢
containing the amorphous semiconductor.

When each of the microcrystalline semiconductor regions
11084 in the mixed layer 11155 is a region of semiconductor
crystal grains having a projecting shape with a tip that nar-
rows from the gate insulating layer 1105 to the layer 1129¢
containing the amorphous semiconductor, the mixed layer
111556 on the microcrystalline semiconductor layer 1115a
side includes a larger amount of microcrystalline semicon-
ductor regions than the mixed layer 11155 on the side of the
layer 1129¢ containing the amorphous semiconductor. The
reason is as follows. The crystals of the microcrystalline
semiconductor regions 1108a grow in the thickness direction
from a surface of the microcrystalline semiconductor layer
11154. When a gas containing nitrogen is added to the source
gas or when the flow ratio of hydrogen to silane is reduced to
less than that in the deposition condition of a microcrystalline
semiconductor film and a gas containing nitrogen is added to
the source gas, crystal growth of the semiconductor crystal
grains in the microcrystalline semiconductor regions 1108a is
suppressed, the semiconductor crystal grains come to have a
conical or pyramidal shape, and the amorphous semiconduc-
tor is eventually deposited.

Note that the microcrystalline semiconductor region 11084
included in the mixed layer 11155 is a semiconductor whose
quality is approximately the same as that of the microcrystal-
line semiconductor layer 1115a. The amorphous semicon-
ductor region 11085 included in the mixed layer 11155 is a
semiconductor whose quality is approximately the same as
that of the amorphous semiconductor included in the layer
1129c¢ containing the amorphous semiconductor. Further, the
interface between a microcrystalline semiconductor layer and
a layer containing an amorphous semiconductor corresponds
to the interface between the microcrystalline semiconductor
regions 11084 and the amorphous semiconductor region
11085 in the mixed layer 11155; accordingly, it can be said
that the interface between the microcrystalline semiconduc-
tor layer regions 1108a and the layer 1129¢ containing the
amorphous semiconductor is uneven.

Since the mixed layer 11155 includes the microcrystalline
semiconductor regions 1108a, it is possible to reduce the
resistance in the vertical direction (the thickness direction),
that is, the resistance between the microcrystalline semicon-
ductor layer 11154 and the impurity semiconductor layer
1127 serving as the source region or the drain region.

Accordingly, a channel region is formed using the micro-
crystalline semiconductor layer 1115a; and the mixed layer
11155 including the microcrystalline semiconductor regions
11084 and the layer 1129¢ containing the amorphous semi-
conductor, which is formed using a well-ordered semicon-
ductor layer which has few defects and whose tail slope of a
level at a band edge in the valence band is steep, are provided
between the microcrystalline semiconductor layer 1115«
including the channel region and the impurity semiconductor
layer 1127 serving as the source region or the drain region.
Thus, it is possible to reduce the off-state current of the thin
film transistor and increase the on-state current and the field
effect mobility.

In some cases, the mixed layer 11155 is provided between
the microcrystalline semiconductor layer 1115¢ and the
impurity semiconductor layer 1127, and the layer 1129¢ con-
taining the amorphous semiconductor is not formed between
the mixed layer 11155 and the impurity semiconductor layer
1127 as illustrated in FIG. 18B. In such a structure, the micro-
crystalline semiconductor regions 1108a preferably occupy a
smaller area than the amorphous semiconductor region
110854. Thus, the off-state current of the thin film transistor
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can bereduced. Further, the resistance in the vertical direction
(the thickness direction) and the resistance between the
source region and the drain region can be reduced by the
mixed layer 11155, and the on-state current of the thin film
transistor can be increased.

In addition, the mixed layer 111554 preferably includes
nitrogen, for a typical example, an NH group or an NH,
group. This is because defects are reduced when nitrogen,
typically an NH group or an NH, group, is bonded to dangling
bonds of silicon atoms at the interface between semiconduc-
tor crystal grains included in the microcrystalline semicon-
ductor regions 1108a or at the interface between the microc-
rystalline semiconductor regions 1108a and the amorphous
semiconductor region 1108b. Accordingly, by setting the
concentration of nitrogen at 1x10?° cm™ to 1x10*! cm™>, the
dangling bonds of silicon atoms can be easily cross-linked
with nitrogen, preferably an NH group, so that carriers can
flow easily. Alternatively, the dangling bonds of the semicon-
ductor atoms at the interface are terminated with the NH,
group, so that the defect level disappears. As a result, the
resistance in the vertical direction (the thickness direction)
when the thin film transistor is on and voltage is applied
between the source electrode and the drain electrode is
reduced. That is, the field effect mobility and the on-state
current of the thin film transistor are increased.

Further, by reduction in oxygen concentration in the mixed
layer 11155, bonds which interfere with the carrier transfer at
the interface between the microcrystalline semiconductor
regions 11084 and the microcrystalline semiconductor region
11085 and in defects at the interface between the semicon-
ductor crystal grains can be reduced.

Note that here, the microcrystalline semiconductor layer
11154 refers to a region having an approximately uniform
thickness. Further, the interface between the microcrystalline
semiconductor layer 11154 and the mixed layer 11155 refers
to aregion where the region closest to the gate insulating layer
1105 is extended in a plain portion of the interface between
the microcrystalline semiconductor regions 1108a and the
microcrystalline semiconductor region 11085.

The total thickness of the microcrystalline semiconductor
layer 1115a and the mixed layer 11155, that is, the distance
from the interface between the microcrystalline semiconduc-
tor layer 11154 and the gate insulating layer 1105 to the tip of
the projection (the projecting portion) in the mixed layer
11155 is set to 3 nm to 80 nm, preferably 5 nm to 50 nm.
Accordingly, the off-state current of the thin film transistor
can be reduced.

The impurity semiconductor layer 1127 is formed using
amorphous silicon to which phosphorus is added, microcrys-
talline silicon to which phosphorus is added, or the like. Note
that when a p-channel thin film transistor is formed as the thin
film transistor, the impurity semiconductor layer 1127 is
formed using microcrystalline silicon to which boron is
added, amorphous silicon to which boron is added, or the like.
Note that when ohmic contact is formed between the mixed
layer 11155 and the wirings 1125 or between the layer 1129¢
containing the amorphous semiconductor and the wirings
1125, the impurity semiconductor layer 1127 is not necessar-
ily formed.

Further, when the impurity semiconductor layer 1127 is
formed using microcrystalline silicon to which phosphorus or
boron is added, characteristics of the interface can be
improved by forming a microcrystalline semiconductor layer,
typically a microcrystalline silicon layer, between the mixed
layer 11155 and the impurity semiconductor layer 1127 or
between the layer 1129¢ containing the amorphous semicon-
ductor and the impurity semiconductor layer 1127. Thus, it is
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possible to reduce the resistance generated at the interface
between the mixed layer 111556 and the impurity semicon-
ductor layer 1127 or between the layer 1129¢ containing the
amorphous semiconductor and the impurity semiconductor
layer 1127. As aresult, it is possible to increase the amount of
current flowing through the source region, the microcrystal-
line semiconductor layer 11154, the mixed layer 11155, and
the layer 1129¢ containing the amorphous semiconductor,
and the drain region of the thin film transistor, and the on-state
current and the field effect mobility can be increased.

The wiring 1125 illustrated in FIG. 17 can be a single layer
or a stack of aluminum, copper, titanium, neodymium, scan-
dium, molybdenum, chromium, tantalum, tungsten, or the
like. Alternatively, the wiring 1125 may be formed using an
aluminum alloy to which an element for preventing genera-
tion of hillocks (e.g., an Al—Nd alloy which can be used for
the gate electrode 1103) is added. Moreover, the wiring 1125
may have a layered structure in which a layer on the side
which is in contact with the impurity semiconductor layer
1127 is formed using titanium, tantalum, molybdenum, tung-
sten, or nitride of any of these elements and aluminum or an
aluminum alloy is formed thereover. Further, the wiring 1125
may have a layered structure in which upper and lower sur-
faces of aluminum or an aluminum alloy are sandwiched
between titanium, tantalum, molybdenum, tungsten, or
nitride of any of these elements.

In the thin film transistor illustrated in FIG. 17 and FIGS.
18A and 18B, the off-state current can be reduced, and the
on-state current and the field effect mobility can be increased.
Moreover, the channel region in the thin film transistor illus-
trated in FIG. 17 and FIGS. 18 A and 18B is formed using the
microcrystalline semiconductor layer; therefore, the thin film
transistor less deteriorates, electrical characteristics are not
likely to deteriorate, and the thin film transistor has high
reliability. Further, since the on-state current of the thin film
transistor in FIG. 17 and FIGS. 18A and 18B is high, it is
possible to reduce the area of the channel region, that is, the
area occupied by the thin film transistor as compared to a thin
film transistor in which amorphous silicon is used for a chan-
nel region; thus, the thin film transistors can be highly inte-
grated.

(Structure 2)

FIG. 19 is a cross-sectional view of one embodiment of a
thin film transistor. The thin film transistor illustrated in FIG.
19 includes the gate electrode 1103 over the substrate 1101;
the gate insulating layer 1105 covering the gate electrode
1103; a microcrystalline semiconductor layer 1131 which is
in contact with the gate insulating layer 1105 and functions as
a channel region; a pair of layers 1132 containing an amor-
phous semiconductor, which is provided over the microcrys-
talline semiconductor layer 1131; and the impurity semicon-
ductor layers 1127 which are in contact with the layers 1132
containing the amorphous semiconductor and function as a
source region and a drain region. Moreover, the thin film
transistor includes the wirings 1125 which are in contact with
the impurity semiconductor layers 1127. The wirings 1125
function as a source electrode and a drain electrode. Further,
a first insulating layer 11354 is formed on a surface of the
microcrystalline semiconductor layer 1131. Second insulat-
ing layers 1135¢ are formed on surfaces of the pair of layers
1132 containing the amorphous semiconductor and surfaces
of the impurity semiconductor layers 1127. Furthermore,
third insulating layers 1135¢ are formed on surfaces of the
wirings 1125.

The microcrystalline semiconductor layer 1131 includes a
first microcrystalline semiconductor layer 1131a which is in
contact with the gate insulating layer 1105, and a second
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microcrystalline semiconductor layer 11315 having a plural-
ity of protrusions (projections) with a conical or pyramidal
shape are formed.

The first microcrystalline semiconductor layer 1131aq is
formed using a microcrystalline semiconductor which is
similar to the microcrystalline semiconductor layer 11154
illustrated in FIG. 17. The second microcrystalline semicon-
ductor layer 11315 can be formed in a similar manner to the
microcrystalline semiconductor regions 1108a included in
the mixed layer 111556 illustrated in FIGS. 18A and 18B.

Like the layer 1129¢ containing the amorphous semicon-
ductor illustrated in FIG. 18A, the pair of layers 1132 con-
taining the amorphous semiconductor can be formed using a
well-ordered semiconductor which has fewer defects and
whose tail slope of a level at a band edge in the valence band
is steeper than a conventional amorphous semiconductor
layer.

The first insulating layer 11354 is formed using an oxide
layer formed by oxidizing the microcrystalline semiconduc-
tor layer 1131, a nitride layer formed by nitriding the micro-
crystalline semiconductor layer 1131, an oxynitride layer or a
nitride oxide layer formed by nitriding and oxidizing the
microcrystalline semiconductor layer 1131, or the like. A
typical example of the first insulating layer 1135aq is a silicon
oxide layer, a silicon nitride layer, a silicon oxynitride layer,
or a silicon nitride oxide layer.

The second insulating layers 1135¢ are formed using oxide
layers formed by oxidizing the pair of layers 1132 containing
the amorphous semiconductor and the impurity semiconduc-
tor layers 1127, nitride layers formed by nitriding the pair of
layers 1132 containing the amorphous semiconductor and the
impurity semiconductor layers 1127, oxynitride layers or
nitride oxide layers formed by nitriding and oxidizing the pair
of layers 1132 containing the amorphous semiconductor and
the impurity semiconductor layers 1127, or the like. A typical
example of the second insulating layer 1135¢ is a silicon
oxide layer, a silicon nitride layer, a silicon oxynitride layer,
orasilicon nitride oxide layer. Moreover, a typical example of
the second insulating layer 1135¢ is an insulating layer
obtained by adding phosphorus or boron to any of the above
insulating layers.

The third insulating layers 1135¢ are formed using oxide
layers formed by oxidizing the wirings 1125, nitride layers
formed by nitriding the wirings 1125, or oxynitride layers or
nitride oxide layers formed by nitriding and oxidizing the
wirings 1125. Note that here, the third insulating layers 1135e
are formed on top surfaces and side surfaces of the wirings
1125; alternatively, the third insulating layers 1135e¢ are
sometimes formed only on the side surfaces of the wirings
1125 and not on the top surfaces of the wirings 1125. A typical
example of the third insulating layers 1135e¢ is a metal oxide
layer, a metal nitride layer, a metal oxynitride layer, or a metal
nitride oxide layer. The metal here refers to any of the metal
elements which can be used for the wirings 1125.

The layer 1132 contains an amorphous semiconductor and
thus has weak n-type conductivity. Moreover, the layer 1132
containing the amorphous semiconductor has lower density
than the microcrystalline semiconductor layer 1131. Accord-
ingly, the second insulating layers 1135¢ formed by oxidizing
or nitriding the amorphous semiconductor layer are rough
insulating layers having low density and low insulating prop-
erties. However, in the thin film transistor described in this
embodiment, the first insulating layer 11354 formed by oxi-
dizing the microcrystalline semiconductor layer 1131 is
formed on the back channel side. Since the microcrystalline
semiconductor layer has higher density than the amorphous
semiconductor layer, the first insulating layer 11354 also has
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high density and high insulating properties. Further, the sec-
ond microcrystalline semiconductor layer 11315 has a plu-
rality of conical or pyramidal protrusions (projections) and
thus has an uneven surface. Therefore, a leak path from the
source region to the drain region has a long distance. With
such structures, the leakage current and the off-state current
of the thin film transistor can be reduced.

In the thin film transistor described in this embodiment, a
microcrystalline semiconductor layer having a plurality of
conical or pyramidal protrusions is used for a channel region,
and a pair of layers containing an amorphous semiconductor
is formed in contact with the microcrystalline semiconductor
layer. Accordingly, the on-state current of the thin film tran-
sistor can be increased as compared to a thin film transistor in
which an amorphous semiconductor is used for a channel
region, and the off-state current of the thin film transistor can
be reduced as compared to a thin film transistor in which a
conventional microcrystalline semiconductor is used for a
channel region.

When a thin film transistor with the above-described Struc-
ture 1 or Structure 2, in which a microcrystalline semicon-
ductor is used for a channel region, is used as a transistor in
the electronic circuit which is one embodiment of the present
invention, the degree of degradation of characteristics of the
thin film transistor can be reduced, and the degree of deterio-
ration in display quality can be suppressed. Further, when a
microcrystalline semiconductor is used for a semiconductor
layer of the thin film transistor, the productivity can be
increased; thus, increase in size of an electronic circuit, reduc-
tion in cost, increase in yield, or the like can be achieved.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 7)

In this embodiment, a method for manufacturing the thin
film transistor described in Embodiment 6 will be described.

A method for manufacturing a thin film transistor in this
embodiment will be described with reference to FIGS. 20A to
20C, FIGS. 21A to 21C, FIGS. 22A-1, 22A-2, 22B-1, and
22B-2, FIGS. 23A to 23C, FIGS. 24A and 24B, and FIGS.
25A to 25C. FIGS. 20A to 20C, FIGS. 21A to 21C, FIGS.
22A-1, 22A-2, 22B-1, and 22B-2, FIGS. 23A to 23C, FIGS.
24A and 24B, and FIGS. 25A to 25C illustrate methods for
manufacturing the thin film transistor described in Embodi-
ment 6. Note that here, all the thin film transistors formed over
one substrate preferably have the same polarity because the
number of manufacturing steps can be reduced. Therefore, in
this embodiment, a method for manufacturing an n-channel
thin film transistor is described.

(Method 1)

First, a process for manufacturing the thin film transistor
illustrated in FIG. 17 is described with reference to FIGS.
20A to 20C. As illustrated in FIG. 20A, the gate electrode
1103 is formed over the substrate 1101. Next, after the gate
insulating layer 1105 which covers the gate electrode 1103 is
formed, a first semiconductor layer 1106 is formed.

The gate electrode 1103 can be formed in such a manner
that a conductive layer is formed over the substrate 1101 with
the use of any of the materials described in Embodiment 6 by
a sputtering method or a vacuum evaporation method; a resist
mask is formed over the conductive layer by a photolithog-
raphy method, an inkjet method, or the like; and the conduc-
tive layer is etched using the resist mask. Alternatively, the
resist mask can be formed by discharging a conductive nano-
paste of silver, gold, copper, or the like onto the substrate by
an inkjet method and baking the conductive nanopaste. Here,
the gate electrode 1103 is formed in such a way that a con-
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ductive layer is formed over the substrate 1101 and etched
with a resist mask formed using a photomask.

Note that in the photolithography step, a resist mask may
be applied to the entire surface of the substrate. Alternatively,
a resist mask may be printed by a printing method on a region
where a resist mask is to be formed, and then, the resist mask
may be exposed to light, whereby a resist mask can be saved
and costs can be reduced. Further, instead of exposing a resist
mask to light by using a light-exposure machine, a laser beam
direct drawing apparatus may be used to expose a resist to
light.

When side surfaces of the gate electrode 1103 are tapered,
disconnection of the semiconductor layer and the wiring layer
formed over the gate electrode 1103 at a step portion can be
prevented. In order to make the side surfaces of the gate
electrode 1103 tapered, etching may be performed while the
resist mask is being reduced.

In the case where the electronic circuit, which is one
embodiment of the present invention, serves as a driver circuit
in a display device and the electronic circuit and a pixel
portion in the display device are formed at the same time, a
gate wiring (a scan line) and a capacitor wiring can be simul-
taneously formed in the step of forming the gate electrode
1103. Note that a scan line refers to a wiring which selects a
pixel, and a capacitor wiring refers to a wiring which is
connected to one of electrodes of a capacitor in a pixel.
However, this embodiment is not limited to this. One or both
of the gate wiring and the capacitor wiring may be formed in
a step different from the step of forming the gate electrode
1103.

The gate insulating layer 1105 can be formed using any of
the materials described in Embodiment 6 by a CVD method,
a sputtering method, or the like. Moreover, the gate insulating
layer 1105 may be formed using a microwave plasma-en-
hanced CVD apparatus with a high frequency (1 GHz or
higher). When the gate insulating layer 1105 is formed by a
microwave plasma-enhanced CVD apparatus, the withstand
voltage between a gate electrode and each of a drain electrode
and a source electrode can be increased. Thus, a highly reli-
able thin film transistor can be obtained. Further, when a
silicon oxide layer is formed as the gate insulating layer 1105
by a CVD method using an organosilane gas, the crystallinity
of the microcrystalline semiconductor layer which is formed
later can be improved; thus, the on-state current and the field
effect mobility of a thin film transistor to be formed can be
increased. As the organosilane gas, a silicon-containing com-
pound such as tetraethoxysilane (TEOS: Si(OC,H,),), tet-
ramethylsilane (TMS: Si(CHs;),), tetramethylcyclotetrasilox-
ane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (SiH
(OC,Hs);), or trisdimethylaminosilane (SiH(N(CHj;),);) can
be used.

The first semiconductor layer 1106 is formed using micro-
crystalline silicon, microcrystalline silicon germanium,
microcrystalline germanium, or the like. The first semicon-
ductor layer 1106 is formed as thin as 3 nm to 10 nm, prefer-
ably 3 nm to 5 nm; thus, in a second semiconductor layer to be
formed later, the length of a plurality of conical or pyramidal
protrusions (projections) formed using a microcrystalline
semiconductor can be controlled and the on-state current and
the field effect mobility of the thin film transistor can be
controlled.

The first semiconductor layer 1106 is formed by glow
discharge plasma with a mixture of hydrogen and a deposition
gas containing silicon or germanium in a treatment chamber
of'a plasma-enhanced CVD apparatus. Alternatively, the first
semiconductor layer 1106 is formed by glow discharge

20

25

30

40

45

50

36

plasma with a mixture of a deposition gas containing silicon
or germanium; hydrogen; and a rare gas such as helium, neon,
or krypton. Microcrystalline silicon, microcrystalline silicon
germanium, microcrystalline germanium, or the like is
formed using the deposition gas containing silicon or germa-
nium, which is diluted with hydrogen so that the flow rate of
hydrogen is 10 to 2000 times, preferably 10 to 200 times that
of the deposition gas.

Typical examples of the deposition gas containing silicon
or germanium are SiH,, Si,Hg, GeH,, and Ge,H,.

A rare gas such as helium, argon, neon, krypton, or xenon
is used as a source gas for the first semiconductor layer 1106,
whereby the deposition rate of the first semiconductor layer
1106 is increased. Moreover, since the deposition rate is
increased, the amount of impurities mixed in the first semi-
conductor layer 1106 is reduced; thus, the crystallinity of the
first semiconductor layer 1106 can be improved. Accord-
ingly, the on-state current and field effect mobility of the thin
film transistor are increased, and the productivity of the thin
film transistor can be increased.

When the first semiconductor layer 1106 is formed, glow
discharge plasma is generated by application of a high fre-
quency power of 3 MHz to 30 MHz, typically, a high fre-
quency power of 13.56 MHz or 27.12 MHz in the HF band; or
a high frequency power of approximately 30 MHz to 300
MHz in the VHF band, typically 60 MHz. Alternatively, glow
discharge plasma is generated by applying a high frequency
power at a microwave frequency of 1 GHz or more. Note that
the use of the high frequency power in the VHF band or at the
microwave frequency can increase the deposition rate. In
addition, when the high frequency power in the HF band is
superimposed with the high frequency power in the VHF
band, unevenness of plasma in a large-sized substrate is
reduced, the uniformity can be increased, and the deposition
rate can be increased.

Note that before the first semiconductor layer 1106 is
formed, impurity elements in the treatment chamber of the
plasma-enhanced CVD apparatus are removed by introduc-
ing a deposition gas containing silicon or germanium while
gas in the treatment chamber is exhausted, so that the amount
of impurities in the gate insulating layer 1105 and the first
semiconductor layer 1106 of the thin film transistor to be
formed later can be reduced. Thus, electric characteristics of
the thin film transistor can be improved.

Next, as illustrated in FIG. 20B, a semiconductor layer is
stacked over the first semiconductor layer 1106, so that a
second semiconductor layer 1107 is formed. Then, an impu-
rity semiconductor layer 1109 and a conductive layer 1111
are formed over the second semiconductor layer 1107. Next,
a resist mask 1113 is formed over the conductive layer 1111.

The second semiconductor layer 1107 which includes a
microcrystalline semiconductor layer 11074, a mixed layer
11075, and a layer 1107¢ containing an amorphous semicon-
ductor is formed by using the first semiconductor layer 1106
as a seed crystal under a condition that crystals grow partly.
Note that here, a structure in which the second semiconductor
layer 1107 includes the first semiconductor layer 1106, that
is, a structure in which the first semiconductor layer 1106 is
included in the microcrystalline semiconductor layer 11074
is described for convenience.

The second semiconductor layer 1107 is formed by glow
discharge plasma with a mixture of a deposition gas contain-
ing silicon or germanium, hydrogen, and a gas containing
nitrogen in a treatment chamber of the plasma-enhanced
CVD apparatus. Examples of the gas containing nitrogen are
ammonia, nitrogen, nitrogen fluoride, and nitrogen chloride.
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In that case, the flow rate of the deposition gas containing
silicon or germanium to hydrogen is the same as that for
forming a microcrystalline semiconductor layer as in the first
semiconductor layer 1106, and the gas containing nitrogen is
used for a source gas; thus, crystal growth can be reduced as
compared to the deposition condition of the first semiconduc-
tor layer 1106. Accordingly, the mixed layer 11075 and the
layer 1107¢ containing the amorphous semiconductor can be
formed in the second semiconductor layer 1107.

A typical example of a condition for forming the second
semiconductor layer 1107 in that case is as follows. The flow
rate of hydrogen is 10 to 2000 times, preferably 10 to 200
times that of the deposition gas containing silicon or germa-
nium. Note that in a typical example of a normal condition for
forming an amorphous semiconductor layer, the flow rate of
hydrogen is 0 to 5 times that of the deposition gas containing
silicon or germanium.

A rare gas such as helium, neon, argon, xenon, or krypton
is introduced into a source gas for the second semiconductor
layer 1107, whereby the deposition rate of the second semi-
conductor layer 1107 can be increased.

In the early stage of deposition of the second semiconduc-
tor layer 1107, the first semiconductor layer 1106 serves as a
seed crystal and a microcrystalline semiconductor layer is
deposited over the entire surface of the first semiconductor
layer 1106 (the early stage of deposition). After that, since the
gas containing nitrogen is included in the source gas, crystal
growth is partly suppressed, so that a conical or pyramidal
microcrystalline semiconductor region is formed and an
amorphous semiconductor region is formed (the middle stage
of'deposition). Then, crystal growth in the conical or pyrami-
dal microcrystalline semiconductor region stops and a layer
containing an amorphous semiconductor is formed (the later
stage of deposition).

Accordingly, the microcrystalline semiconductor layer
11154 illustrated in FIG. 17 and FIGS. 18A and 18B corre-
sponds to the first semiconductor layer 1106 in FIG. 20A and
a microcrystalline semiconductor layer which is formed in
the early stage of deposition of the second semiconductor
layer 1107, that is, the microcrystalline semiconductor layer
1107a in FIG. 20B.

Further, the mixed layer 11155 illustrated in FIG. 17 and
FIGS. 18A and 18B corresponds to a layer which includes the
conical or pyramidal microcrystalline semiconductor regions
and regions filling a space between the conical or pyramidal
microcrystalline regions, which are formed in the middle
stage of deposition of the second semiconductor layer 1107 in
FIG. 20B, that is, the mixed layer 11075.

The layer 1129¢ containing the amorphous semiconductor,
which is illustrated in FIG. 17 and FIGS. 18A and 18B,
corresponds to the layer 1107¢ containing the amorphous
semiconductor, which is formed in the later stage of deposi-
tion of the second semiconductor layer 1107 in FIG. 20B.

In the second semiconductor layer 1107 formed by such a
method, the nitrogen concentration which is measured by
secondary ion mass spectrometry has a peak in the vicinity of
the interface between the microcrystalline semiconductor
layer 1107a and the mixed layer 11075, and is constant in a
direction in which the mixed layer 11075 and the layer 1107¢
containing the amorphous semiconductor are deposited.

The impurity semiconductor layer 1109 is formed by glow
discharge plasma with a mixture of a deposition gas contain-
ing silicon, hydrogen, and phosphine (diluted with hydrogen
or silane) in a treatment chamber of the plasma-enhanced
CVD apparatus. Amorphous silicon to which phosphorus is
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added or microcrystalline silicon to which phosphorus is
added is formed by diluting the deposition gas containing
silicon with hydrogen.

The conductive layer 1111 can be formed using a material
similar to that of the wirings 1125 illustrated in FIG. 17. The
conductive layer 1111 is formed by a CVD method, a sput-
tering method, or a vacuum evaporation method. Further, the
conductive layer 1111 may be formed by discharging a con-
ductive nanopaste of silver, gold, copper, or the like by a
screen printing method, an inkjet method, or the like and
baking the conductive nanopaste.

The resist mask 1113 is formed by a photolithography step.
The resist mask 1113 has regions with different thicknesses.
Such a resist mask can be formed using a multi-tone mask. By
using the multi-tone mask, the number of photomasks to be
used is reduced and the number of manufacturing steps can be
reduced. In this embodiment, the multi-tone mask can be used
in a step of forming a pattern of the second semiconductor
layer 1107 and a step of separating the semiconductor layer
into a source region and a drain region.

A multi-tone mask is a mask capable of light exposure with
multi-level light intensity, typically, with three levels of light
intensity so that an exposed region, a semi-exposed region,
and an unexposed region are formed. By one light exposure
and development step with the use of a multi-tone mask, a
resist mask with plural thicknesses (typically, two kinds of
thicknesses) can be formed. Accordingly, the use of a multi-
tone mask can reduce the number of photomasks.

FIGS. 22A-1 and 22B-1 are cross-sectional views of typi-
cal multi-tone masks. FIG. 22A -1 illustrates a gray-tone mask
1180, and FIG. 22B-1 illustrates a half-tone mask 1185.

The gray-tone mask 1180 illustrated in FIG. 22A-1
includes a light-blocking portion 1182 formed using a light-
blocking layer on a light-transmitting substrate 1181, and a
diffraction grating portion 1183 formed by a pattern of the
light-blocking layer.

The diffraction grating portion 1183 has slits, dots, mesh,
or the like provided at intervals which are equal to or less than
the resolution limit of light used for light exposure, whereby
the light transmittance is controlled. Note that the diffraction
grating portion 1183 can have slits, dots, or mesh with regular
intervals or irregular intervals.

For the light-transmitting substrate 1181, quartz or the like
can be used. The light-blocking layer included in the light-
blocking portion 1182 and the diffraction grating portion
1183 is formed using chromium, chromium oxide, or the like.

In the case where the gray-tone mask 1180 is irradiated
with light for exposure, as illustrated in FIG. 22A-2, the light
transmittance in a region overlapping with the light-blocking
portion 1182 is 0%, and the light transmittance in a region
where neither the light-blocking portion 1182 nor the diffrac-
tion grating portion 1183 is provided is 100%. Further, the
light transmittance in the diffraction grating portion 1183 is
approximately in the range of 10% to 70%, which can be
adjusted by the intervals of slits, dots, or mesh of the diffrac-
tion grating, or the like.

Thehalf-tone mask 1185 illustrated in FIG. 22B-1 includes
a semi-light-transmitting portion 1187 formed using a semi-
light-transmitting layer on a light-transmitting substrate
1186, and a light-blocking portion 1188 formed using a light-
blocking layer.

The semi-light-transmitting portion 1187 can be formed
using a layer of MoSiN, MoSi, MoSiO, MoSiON, CrSi, orthe
like. The light-blocking portion 1188 may be formed using a
material similar to that of the light-blocking layer of the
gray-tone mask 1180, and is preferably formed using chro-
mium, chromium oxide, or the like.
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In the case where the half-tone mask 1185 is irradiated with
light for exposure, as illustrated in FIG. 22B-2, the light
transmittance in a region overlapping with the light-blocking
portion 1188 is 0%, and the light transmittance in a region
where neither the light-blocking portion 1188 nor the semi-
light-transmitting portion 1187 is provided is 100%. More-
over, the light transmittance of part of the semi-light-trans-
mitting portion 1187, which does not overlap with the light-
blocking portion 1188, is approximately in the range of 10%
to 70% and can be adjusted by the kind of material used, the
thickness of a film to be formed, or the like.

By light exposure using the multi-tone mask and develop-
ment, a resist mask which includes regions having different
thicknesses can be formed.

Next, the second semiconductor layer 1107, the impurity
semiconductor layer 1109, and the conductive layer 1111 are
etched using the resist mask 1113. Through this step, the
second semiconductor layer 1107, the impurity semiconduc-
tor layer 1109, and the conductive layer 1111 are separated
into each element, and a second semiconductor layer 1115, an
impurity semiconductor layer 1117, and a conductive layer
1119 are formed. Note that the second semiconductor layer
1115 includes the microcrystalline semiconductor layer
11154, the mixed layer 11155, and a layer 1115¢ containing
an amorphous semiconductor (see FIG. 20C).

Then, the resist mask 1113 is recessed to form separate
resist masks 1123. Ashing by oxygen plasma may be per-
formed in order to recess the resist mask. Here, ashing is
performed on the resist mask 1113 so that the resist mask
1113 is separated over the gate electrode; thus, the resist
masks 1123 can be formed (see FIG. 21A).

Next, the conductive layer 1111 is etched using the resist
masks 1123, so that the wirings 1125 functioning as a source
electrode and a drain electrode are formed (see FIG. 21B).
The conductive layer 1111 is preferably removed by wet
etching. By wet etching, the conductive layer 1111 is isotro-
pically etched. Accordingly, a side surface of the conductive
layer 1111 recedes to the inner side than that of the resist
masks 1123, so that the wirings 1125 are formed. When the
electronic circuit, which is one embodiment of the present
invention, is used as the driver circuit in the display device,
the wirings 1125 function not only as a source electrode and
a drain electrode but also as a signal line. Note that this
embodiment is not limited to this structure, and a signal line
may be provided separately from the source electrode and the
drain electrode.

Then, each of the layer 1115¢ containing the amorphous
semiconductor and the impurity semiconductor layer 1117 is
partly etched using the resist masks 1123. Here, dry etching is
employed. Through this step, the layer 1129¢ containing the
amorphous semiconductor, which has a recessed portion on
its surface, and the impurity semiconductor layers 1127 are
formed. After that, the resist masks 1123 are removed (see
FIG. 21C).

Note that here, the conductive layer 1111 is removed by
wet etching, and each of the layer 1115¢ containing the amor-
phous semiconductor and the impurity semiconductor layer
1117 is partly etched by dry etching. Thus, the conductive
layer 1119 is isotropically etched, and side surfaces of the
wirings 1125 are not aligned with side surfaces of the impu-
rity semiconductor layers 1127. That is, the side surfaces of
the impurity semiconductor layers 1127 are located on the
outer side than the side surfaces of the wirings 1125.

Alternatively, the impurity semiconductor layer 1117 and
the layers 1115¢ containing the amorphous semiconductor
may be partly etched after the resist masks 1123 are removed.
By the etching, the impurity semiconductor layer 1117 is
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etched using the wirings 1125, so that the side surfaces of the
wirings 1125 are approximately aligned with the side sur-
faces of the impurity semiconductor layers 1127.

Next, dry etching may be performed after the resist masks
1123 are removed. The conditions of dry etching are set so
that the exposed part of the layer 1129¢ containing the amor-
phous semiconductor is not damaged and the etching rate
with respect to the layer 1129¢ containing the amorphous
semiconductor is low. In other words, conditions are used
with which the exposed surface of the layer 1129¢ containing
the amorphous semiconductor is hardly damaged and the
thickness of the exposed part of the layer 1129¢ containing
the amorphous semiconductor is scarcely reduced. Typical
examples of an etching gas are Cl,, CF,, and N,. There is no
particular limitation on an etching method, and an inductively
coupled plasma (ICP) method, a capacitively coupled plasma
(CCP) method, an electron cyclotron resonance (ECR)
method, a reactive ion etching (RIE) method, or the like can
be used.

Next, a surface of the layer 1129¢ containing the amor-
phous semiconductor may be irradiated with water plasma,
ammonia plasma, nitrogen plasma, or the like.

Water plasma treatment can be performed in such a manner
that a gas containing water as a main component typified by
water vapor (H,O vapor) is introduced into a reaction space so
that plasma is generated.

As described above, dry etching is further performed under
a condition where the layer 1129¢ containing the amorphous
semiconductor is not damaged after the impurity semicon-
ductor layers 1127 are formed, so that impurities such as a
residue existing on the exposed part of the layer 1129¢ con-
taining the amorphous semiconductor can be removed. Fur-
ther, water plasma treatment is performed successively after
the dry etching, whereby a residue of the resist mask can be
removed. By the water plasma treatment, insulation between
the source region and the drain region can be secured, and the
off-state current of the thin film transistor to be formed can be
reduced, and variation in electric characteristics can be
reduced.

Through the above-described steps, a thin film transistor in
which a channel region is formed using a microcrystalline
semiconductor layer can be manufactured with the use of
fewer masks. Moreover, the thin film transistor with small
off-state current, large on-state current, and high field effect
mobility can be manufactured.

(Method 2)

A method for manufacturing a thin film transistor, which is
different from Method 1, will be described with reference to
FIGS. 20A to 20C, FIGS. 23A to 23C, and FIGS. 24A and
24B.

As in Method 1, the gate electrode 1103 is formed over the
substrate 1101. Next, the gate insulating layer 1105 and the
first semiconductor layer 1106 are formed so as to cover the
gate electrode 1103 (see FIG. 20A). Then, as in Method 1,
crystals are grown from the first semiconductor layer 1106,
whereby the second semiconductor layer 1107 (the microc-
rystalline semiconductor layer 11074, the mixed layer 11075,
and the layer 1107¢ containing the amorphous semiconduc-
tor) is formed. Next, the impurity semiconductor layer 1109 is
formed over the second semiconductor layer 1107. After that,
a resist mask (not illustrated) is formed over the impurity
semiconductor layer 1109 (see FIG. 23A).

Next, with the use of the resist mask, the second semicon-
ductor layer 1107 and the impurity semiconductor layer 1109
are etched. Through this step, the second semiconductor layer
1107 and the impurity semiconductor layer 1109 are sepa-
rated into elements, so that the second semiconductor layer
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1115 (the microcrystalline semiconductor layer 1115a, the
mixed layer 11155, and the layer 1115¢ containing the amor-
phous semiconductor) and the impurity semiconductor layer
1117 are formed (see FI1G. 23B).

Then, the conductive layer 1111 is formed over the gate
insulating layer 1105, the second semiconductor layer 1115,
and the impurity semiconductor layer 1117 (see FIG. 23C).

Next, a resist mask (not illustrated) is formed over the
conductive layer 1111, and the conductive layer 1111 is
etched with the use of the resist mask, so that wirings 1133
functioning as a source and drain electrodes are formed (see
FIG. 24A).

Then, the impurity semiconductor layer 1117 is etched so
that the impurity semiconductor layers 1127 functioning as a
source region and a drain region are formed. Further, the layer
1115¢ containing the amorphous semiconductor is etched so
that the layer 1129¢ containing the amorphous semiconductor
is formed (see FI1G. 24B).

Through the above-described steps, the thin film transistor
can be manufactured.

Note that the layer 1115¢ containing the amorphous semi-
conductor is partly etched without removal of the resist mask
after the wirings 1133 are formed; alternatively, part of the
impurity semiconductor layer 1117 and part of the layer
1129¢ containing the amorphous semiconductor may be
etched after the resist mask is removed. By the etching, the
impurity semiconductor layer 1117 is etched using the wir-
ings 1133 as masks, so that side surfaces of the wirings 1133
are approximately aligned with side surfaces of the impurity
semiconductor layers 1127.

Next, dry etching is preferably performed after the resist
mask is removed. The conditions of dry etching are set so that
the exposed part of the layer 1129¢ containing the amorphous
semiconductor is not damaged and the etching rate with
respect to the layer 1129¢ containing the amorphous semi-
conductor is low. In other words, conditions are used with
which the exposed surface of the layer 1129¢ containing the
amorphous semiconductor is hardly damaged and the thick-
ness of the exposed part of the layer 1129¢ containing the
amorphous semiconductor is scarcely reduced.

Then, a surface of the layer 1129¢ containing the amor-
phous semiconductor may be irradiated with water plasma,
ammonia plasma, nitrogen plasma, or the like.

Water plasma treatment can be performed in such a manner
that a gas containing water as a main component typified by
water vapor (H,O vapor) is introduced into a reaction space so
that plasma is generated.

As described above, dry etching is further performed under
a condition where the layer 1129¢ containing the amorphous
semiconductor is not damaged after the layer 1129¢ is
formed, so that impurities such as a residue existing on the
layer 1129¢ containing the amorphous semiconductor can be
removed. Further, water plasma treatment is performed suc-
cessively after the dry etching, whereby a residue of the resist
mask can be removed. By the water plasma treatment, insu-
lation between the source region and the drain region can be
secured. Thus, in a thin film transistor, the amount of off-state
current can be reduced, and variation in electric characteris-
tics can be reduced.

(Method 3)

Next, a method for manufacturing the thin film transistor
shown in FIG. 19 will be described with reference to FIGS.
20A to 20C, FIGS. 21A to 21C, and FIGS. 25A to 25C.

As in Method 1, after the wirings 1125 are formed through
the steps in FIGS. 20A to 20C, and FIGS. 21A and 21B, the
impurity semiconductor layer 1117 is etched so that the impu-
rity semiconductor layers 1127 are formed. Moreover, the
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layer 1115¢ containing the amorphous semiconductor is
etched so that the pair of layers 1132 containing the amor-
phous semiconductor is formed (see FIG. 25A).

Here, a condition is used as appropriate under which the
layer 1115¢ containing the amorphous semiconductor is
selectively removed by wet etching or dry etching so that the
second microcrystalline semiconductor layer 11315 is
exposed. A typical example of an etchant with which selective
wet etching of an amorphous semiconductor layer can be
achieved is an etchant including hydrazine, potassium
hydroxide, or ethylenediamine. Alternatively, an etchant
including a mixed solution ofhydrofluoric acid and nitric acid
can be used. Further alternatively, a tetramethyl ammonium
hydroxide (also referred to as TMAH) aqueous solution can
be used.

In addition, hydrogen can be used as an etching gas with
which selective dry etching of an amorphous semiconductor
layer can be achieved. Alternatively, a gas containing chlo-
rine, bromine, or iodine can be used as the etching gas. A
typical example is hydrogen chloride, hydrogen bromide,
hydrogen iodide, silicon tetrachloride, phosphorus trichlo-
ride, and boron trichloride. Alternatively, a gas containing
fluorine can be used as the etching gas. A typical example is
tetrafluoromethane, sulfur hexafluoride, nitrogen trifluoride,
silicon tetrafluoride, boron trifluoride, xenon difluoride, and
chlorine trifluoride. Further alternatively, a mixed gas of tet-
rafluoromethane and oxygen, or a mixed gas of sulfur
hexafluoride and chlorine can be used as the etching gas.

After that, a resist mask is removed, and plasma treatment
1140 by which surfaces of the second microcrystalline semi-
conductor layer 113154, the pair of layers 1132 containing the
amorphous semiconductor, the impurity semiconductor lay-
ers 1127, and the wirings 1125 are oxidized or nitrided is
performed, whereby the insulating layer 11354, the insulating
layers 1135¢, and the insulating layers 1135e illustrated in
FIG. 25C are formed.

The layers 1132 containing the amorphous semiconductor
have weak n-type conductivity. Moreover, the layer 1132 has
lower density than the microcrystalline semiconductor layer.
Accordingly, the second insulating layers 1135¢ formed by
oxidizing or nitriding the layers 1132 containing the amor-
phous semiconductor layer are rough insulating layers having
low density and low insulating properties. However, in the
thin film transistor illustrated in FIG. 19, the first insulating
layer 1135a formed by oxidizing the microcrystalline semi-
conductor layer 1131 is formed on the back channel side.
Since the microcrystalline semiconductor layer has higher
density than the amorphous semiconductor layer, the first
insulating layer 11354 also has high density and high insu-
lating properties. Further, the second microcrystalline semi-
conductor layer 113154 has a plurality of conical or pyramidal
protrusions (projections) and thus has an uneven surface.
Therefore, a leak path from the source region to the drain
region has a long distance. With such structures, the leakage
current and the off-state current of the thin film transistor can
be reduced.

Note that here, after the wirings 1125 are formed, the layer
1115¢ containing the amorphous semiconductor is etched so
that the second microcrystalline semiconductor layer 11315
is exposed. Alternatively, the following steps may be per-
formed. The wirings 1125 are formed; the resist mask is
removed; each of the impurity semiconductor layer 1117 and
the layer 1115¢ containing the amorphous semiconductor is
partly etched by dry etching; and the plasma treatment 1140
for oxidizing or nitriding the surface of the second microc-
rystalline semiconductor layer 11315 is performed. In that
case, since the impurity semiconductor layer 1127 and the



US 9,257,085 B2

43

layer 1115¢ containing the amorphous semiconductor are
etched using the wirings 1125 as masks, side surfaces of the
wirings 1125 are approximately aligned with side surfaces of
the impurity semiconductor layers 1127.

As described above, after the second microcrystalline
semiconductor layer 11315 having conical or pyramidal pro-
trusions (projections) is exposed, an insulating layer is
formed on the surface of the second microcrystalline semi-
conductor layer 11315 by plasma treatment; thus, a leak path
between the source region and the drain region can have a
long distance, and an insulating layer having a high insulating
property can be formed. Moreover, a channel region is formed
using the microcrystalline semiconductor layer. Accordingly,
a thin film transistor having small off-state current, large
on-state current, and high field effect mobility can be manu-
factured.

(Method 4)

A method for manufacturing the second semiconductor
layer 1107, which can be applied to any of Methods 1 to 3,
will be described below. In this method, instead of using the
gas containing nitrogen as the source gas of the second semi-
conductor layer 1107, nitrogen is supplied to the second
semiconductor layer 1107 in such a manner that the second
semiconductor layer 1107 is formed after a layer containing
nitrogen is formed in a treatment chamber of the plasma-
enhanced CVD apparatus.

After the first semiconductor layer 1106 is formed, the
substrate is carried out of a treatment chamber of the plasma-
enhanced CVD apparatus. Next, a layer containing nitrogen
is formed in the treatment chamber of the plasma-enhanced
CVD apparatus. In that case, a silicon nitride layer is formed
as the layer containing nitrogen. Then, after the substrate is
carried into the treatment chamber, a source gas used for
deposition of the second semiconductor layer 1107 is intro-
duced into the treatment chamber, and the second semicon-
ductor layer 1107 is formed. Here, a deposition gas contain-
ing silicon or germanium, and hydrogen are used as the
source gas. The layer containing nitrogen, which is formed on
the inner wall of the treatment chamber, is exposed to plasma,
whereby part of the layer containing nitrogen is dissociated
and N (nitrogen) is eliminated. Alternatively, an NH group or
an NH, group is generated. As a result, the second semicon-
ductor layer 1107 contains nitrogen. Accordingly, the second
semiconductor layer 1107 including the microcrystalline
semiconductor layer 11074, the mixed layer 11075, and the
layer 1107¢ containing the amorphous semiconductor can be
formed as illustrated in FIG. 18 A. Alternatively, as illustrated
in FIG. 18B, the second semiconductor layer 1107 including
the microcrystalline semiconductor layer 1107a and the
mixed layer 11075 can be formed.

In the second semiconductor layer 1107 formed by such a
method, the nitrogen concentration which is measured by
secondary ion mass spectrometry has a peak at an upper
portion of the microcrystalline semiconductor layer 11074, or
in the vicinity of the interface between the microcrystalline
semiconductor layer 11074 and the mixed layer 11075, and is
decreased with respect to the direction in which the second
semiconductor layer 1107 is deposited.

Through the steps above, the second semiconductor layer
1107 can be formed.

(Method 5)

A method for manufacturing the second semiconductor
layer 1107, which can be applied to any of Methods 1 to 3,
will be described below. In this method, instead of using the
gas containing nitrogen as the source gas of the second semi-
conductor layer 1107, nitrogen is supplied to the second
semiconductor layer 1107 in such a manner that a gas con-
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taining nitrogen is introduced into a treatment chamber of a
CVD apparatus before the second semiconductor layer 1107
is formed, and then the second semiconductor layer 1107 is
formed.

After the first semiconductor layer 1106 is formed, the
surface of the first semiconductor layer 1106 is exposed to the
gas containing nitrogen (here, this treatment is referred to as
flush treatment), so that nitrogen is supplied to the treatment
chamber of the plasma-enhanced CVD apparatus. Examples
of the gas containing nitrogen are ammonia, nitrogen, nitro-
gen fluoride, and nitrogen chloride. Moreover, hydrogen may
be included in any of the gas containing nitrogen. In this case,
the surface of the first semiconductor layer 1106 is exposed to
ammonia, whereby nitrogen is supplied.

Then, after a source gas used for deposition of the second
semiconductor layer 1107 is introduced into the treatment
chamber, the second semiconductor layer 1107 is formed. In
this case, a deposition gas including silicon or germanium,
and hydrogen are used as the source gas.

In the step of forming the second semiconductor layer
1107, the gas containing nitrogen, which is introduced into
the treatment chamber by the flush treatment, ammonia in this
case is decomposed by plasma discharge, so that N (nitrogen)
is eliminated. Alternatively, an NH group or an NH, group is
generated. As a result, the second semiconductor layer 1107
contains nitrogen. Accordingly, the second semiconductor
layer 1107 including the microcrystalline semiconductor
layer 11074, the mixed layer 11075, and the layer 1107¢
containing the amorphous semiconductor can be formed as
illustrated in FIG. 18A. Alternatively, as illustrated in FIG.
18B, the second semiconductor layer 1107 including the
microcrystalline semiconductor layer 11074 and the mixed
layer 11075 can be formed.

In the second semiconductor layer 1107 formed by such a
method, the nitrogen concentration which is measured by
secondary ion mass spectrometry has a peak at an upper
portion of the microcrystalline semiconductor layer 1107a or
in the vicinity of the interface between the microcrystalline
semiconductor layer 11074 and the mixed layer 11075, and is
decreased with respect to the direction in which the mixed
layer 110756 and the layer 1107¢ containing the amorphous
semiconductor are deposited.

Through the above steps, the second semiconductor layer
1107 can be formed.

As above, this embodiment describes the examples of the
method for manufacturing a thin film transistor that can be
applied to the electronic circuit, which is one embodiment of
the present invention. When a microcrystalline semiconduc-
tor is used for a channel region of the thin film transistor,
increase in size of the electronic circuit, reduction in cost,
increase in yield, or the like can be achieved. Further, by the
use of a microcrystalline semiconductor for the channel
region, degradation of characteristics of the thin film transis-
tor can be suppressed, so that the life of the electronic circuit
can be extended.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 8)

In this embodiment, a structure of an electronic circuit
which is one embodiment of the present invention will be
described.

An example of a structure of an electronic circuit in this
embodiment will be described with reference to FIGS. 26A
and 26B. FIGS. 26A and 26B illustrate an example of a
structure of the electronic circuit in this embodiment. FIG.
26A is a top view. FIG. 26B is a cross-sectional view of line
A-B and line C-D in FIG. 26A. Note that FIGS. 26A and 26B
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show an example of the configuration of the electronic circuit
illustrated in FIG. 3, and illustrate the case in which the
sequential circuit 2011 and the sequential circuit 2012 in FIG.
3 each have the circuit configuration in FIG. 14E; the control
circuit 316 in FIG. 14E has the circuit configuration in FIG.
15E; the control circuit 2021 in FIG. 3 has the circuit con-
figuration in FIG. 5A; and transistors included in the elec-
tronic circuit have the structure in FIG. 24B.

The electronic circuit illustrated in FIGS. 26A and 26B
includes the sequential circuit 2011 and the sequential circuit
2012. Each of the sequential circuit 2011 and the sequential
circuit 2012 includes the transistor 311, the transistor 312, the
transistor 313, the transistor 314, the transistor 317, the tran-
sistor 3611, the transistor 3612, and the transistor 3617.

The gate electrode 1103 of the transistor 313 in the sequen-
tial circuit 2011 is electrically connected to a wiring 380
through an opening portion 382. The wiring 1133 of the
transistor 312 in the sequential circuit 2012 is electrically
connected to the wiring 380 through an opening portion 381.
That is, the wiring 1133 of'the transistor 312 in the sequential
circuit 2012 is electrically connected to the gate electrode
1103 of the transistor 313 through the wiring 380.

In the electronic circuit illustrated in FIGS. 26A and 26B,
the control circuit 2021 is formed using the wiring resistance
and the parasitic capacitance of the wiring 380. A material,
the thickness, the width, or the like of the wiring 380 is
preferably set as appropriate so that the wiring resistance and
the parasitic capacitance meet the specifications for the con-
trol circuit 2021.

The wiring 380 can be formed using a light-transmitting
conductive film formed of indium oxide containing tungsten
oxide, indium zinc oxide containing tungsten oxide, indium
oxide containing titanium oxide, indium tin oxide containing
titanium oxide, indium tin oxide, indium zinc oxide, indium
tin oxide to which silicon oxide is added, or the like, for
example.

As illustrated in FIGS. 26A and 26B as an example, the
control circuit in the electronic circuit in this embodiment can
be formed using the resistance and the parasitic capacitance
of'a wiring, for example. Accordingly, the control circuit can
be formed without increase in the number of manufacturing
steps. Note that the electronic circuit in this embodiment is
not limited to having the configuration of the electronic cir-
cuit illustrated in FIGS. 26 A and 26B; the control circuit in
the electronic circuit in this embodiment can be constituted
by a semiconductor element, for example.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 9)

In this embodiment, a display device which is one embodi-
ment of the present invention will be described.

A structure of a display device in this embodiment will be
described with reference to FIG. 27. FIG. 27 illustrates an
example of a structure of the display device in this embodi-
ment.

The display device illustrated in FIG. 27 includes a termi-
nal electrode 501, a wiring 502, a scan line driver circuit 503,
scan lines 531, a signal line driver circuit 504, signal lines
541, and a pixel portion 505.

The terminal electrode 501 includes, for example, partofa
signal input terminal to which a scan signal, a video signal, or
the like is input; part of a power supply terminal to which a
power supply voltage is supplied; and an electrode such as a
ground electrode to which a ground potential is supplied.

The scan line driver circuit 503 is electrically connected to
the terminal electrode 501 through the wiring 502. For
example, a signal such as a control signal is input or a power
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supply voltage is applied from the terminal electrode 501 to
the scan line driver circuit 503. The scan line driver circuit
503 outputs a scan signal through the scan line 531 at the
timing in accordance with the signal input.

The signal line driver circuit 504 is electrically connected
to the terminal electrode 501 through the wiring 502. For
example, a signal such as a control signal or a video signal is
input or a power supply voltage is applied from the terminal
electrode 501 to the signal line driver circuit 504. The signal
line driver circuit outputs a video signal through the signal
line 541 at the timing in accordance with the signal input.

The pixel portion 505 includes a plurality of pixels 5051.
Each of the pixels 5051 is electrically connected to any of the
scan lines 531 and any of the signal lines 541, and a scan
signal and a video signal are input to the pixel 5051.

Next, examples of a circuit configuration of the pixel 5051
will be described with reference to FIGS. 28A and 28B.
FIGS. 28A and 28B each illustrate an example of a circuit
configuration of the pixel 5051.

The pixel illustrated in FIG. 28A includes a transistor 611,
aliquid crystal element 612, and a capacitor 613. Note that the
transistor 611 in FIG. 28A is a field effect transistor as an
example.

The transistor 611 functions as a selection switch. A gate of
the transistor 611 is electrically connected to the scan line
531. One of a source and a drain of the transistor 611 is
electrically connected to the signal line 541.

The liquid crystal element 612 has a first terminal and a
second terminal. The first terminal of the liquid crystal ele-
ment 612 is electrically connected to the other of the source
and the drain of the transistor 611. The voltage V, or the
voltage V, is applied to the second terminal of the liquid
crystal element 612. The liquid crystal element 612 can
include, for example, a first electrode which serves as part of
or the entire first terminal, a second electrode which serves as
part of or the entire second terminal, and a layer including
liquid crystal molecules whose transmittance is changed by
application of voltage between the first electrode and the
second electrode (such a layer is referred to as a liquid crystal
layer).

The following are examples of the liquid crystal layer, a
liquid crystal material which can be used for the liquid crystal
layer, or a liquid crystal mode which can be used for the liquid
crystal element 612 including the liquid crystal layer: a nem-
atic liquid crystal, a cholesteric liquid crystal, a smectic liquid
crystal, a discotic liquid crystal, a thermotropic liquid crystal,
a lyotropic liquid crystal, a low molecular liquid crystal, a
high molecular liquid crystal, a polymer dispersed liquid
crystal (PDLC), a ferroelectric liquid crystal, an anti-ferro-
electric liquid crystal, a main-chain liquid crystal, a side-
chain polymer liquid crystal, a plasma addressed liquid crys-
tal (PALC), a banana-shaped liquid crystal, a TN (twisted
nematic) mode, an STN (super twisted nematic) mode, an IPS
(in-plane-switching) mode, an FFS (fringe field switching)
mode, an MVA (multi-domain vertical alignment) mode, a
PVA (patterned vertical alignment) mode, an ASV (advanced
super view) mode, an ASM (axially symmetric aligned
micro-cell) mode, an OCB (optical compensated birefrin-
gence) mode, an ECB (electrically controlled birefringence)
mode, an FL.C (ferroelectric liquid crystal) mode, an AFL.C
(anti-ferroelectric liquid crystal) mode, a PDLC (polymer
dispersed liquid crystal) mode, a guest-host mode, and a
blue-phase mode.

A first terminal of the capacitor 613 is electrically con-
nected to the other of the source and the drain of the transistor
611. Like the liquid crystal element 612, the voltage V, or the
voltage V, is applied to a second terminal of the capacitor
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613. The capacitor 613 functions as a storage capacitor. Note
that although the capacitor 613 is not necessarily provided,
the capacitor 613 can inhibit adverse effects of leakage cur-
rent of the transistor 611.

Next, operation of the pixel illustrated in FIG. 28A will be
described.

First, when the scan line 531 is selected by the scan line
driver circuit 503 illustrated in FIG. 27, the transistor 611 is
turned on by a scan signal input from the scan line driver
circuit 503.

At this time, the first terminal of the liquid crystal element
612 and the first terminal of the capacitor 613 have a potential
corresponding to a video signal input from the signal line
driver circuit 504 illustrated in FIG. 27. The alignment of
liquid crystal molecules in the liquid crystal element 612 is
controlled in accordance with voltage applied between the
first terminal and the second terminal, and an image is dis-
played with the pixel in accordance with the transmittance of
the liquid crystal element 612. The above operation is sequen-
tially performed every scan line 531 in FIG. 27, so that data is
written to all the pixels. This is the operation of the pixel
illustrated in FIG. 28A.

Note that the circuit configuration of the pixel in the display
device in this embodiment is not limited to the circuit con-
figuration of the pixel illustrated in FIG. 28 A. For example, a
transistor, aresistor, a capacitor, or the like can be additionally
provided in the circuit configuration of the pixel in FIG. 28A.

Further, the pixel in the display device in this embodiment
is not limited to having the circuit configuration of the pixel in
FIG. 28A, and can have a different circuit configuration.
Another example of the circuit configuration of the pixel in
the display device in this embodiment is described with ref-
erence to FIG. 28B. FIG. 28B is a circuit diagram illustrating
an example of the circuit configuration of the pixel in the
display device in this embodiment.

The pixel illustrated in FIG. 28B includes the transistor
611, the capacitor 613, a transistor 614, and a light-emitting
element 615.

The gate of the transistor 611 is electrically connected to
the scan line 531. One of the source and the drain of the
transistor 611 is electrically connected to the signal line 541.

The capacitor 613 includes the first terminal and the second
terminal. The first terminal of the capacitor 613 is electrically
connected to the other of the source and the drain of the
transistor 611. One of the voltage V| or the voltage V, is
applied to the second terminal of capacitor 613. The capacitor
613 functions as a storage capacitor. Note that although the
capacitor 613 is not necessarily provided, the capacitor 613
can make the ON state of the transistor 614 held for a certain
period of time.

A gate of the transistor 614 is electrically connected to the
other of the source and the drain of the transistor 611. One of
the voltage V, or the voltage V, is applied to one of a source
and a drain of the transistor 614.

The light-emitting element 615 has a first terminal and a
second terminal. The first terminal of the light-emitting ele-
ment 615 is electrically connected to the other of the source
and the drain of the transistor 614. The other of the voltage V,
or the voltage V, is applied to the second terminal of the
light-emitting element 615. The light-emitting element 615
caninclude, for example, a first electrode which serves as part
of or the entire first terminal, a second electrode which serves
as part of or the entire second terminal, and an electrolumi-
nescent layer which emits light by application of voltage
between the first electrode and the second electrode. As the
light-emitting element 615, an EL (also referred to as elec-
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troluminescence) element can be used, for example.
Examples ofthe EL element are an organic EL. element and an
inorganic EL element.

At least one of the first electrode and the second electrode
of the light-emitting element 615 is formed using a light-
transmitting conductive material. Accordingly, a light-emit-
ting element can have a top emission structure in which light
is emitted through the surface opposite to the substrate, a
bottom emission structure in which light is emitted through
the surface on the substrate side, or a dual emission structure
in which light is emitted through the surface opposite to the
substrate and the surface on the substrate side. As the light-
transmitting conductive material, a light-transmitting con-
ductive film such as a film of indium oxide containing tung-
sten oxide, indium zinc oxide containing tungsten oxide,
indium oxide containing titanium oxide, indium tin oxide
containing titanium oxide, indium tin oxide (also referred to
as ITO), indium zinc oxide, or indium tin oxide to which
silicon oxide is added can be used, for example.

The electroluminescent layer may be formed using a single
layer or a plurality of layers stacked. When the electrolumi-
nescent layer is formed using a plurality of layers, an elec-
tron-injecting layer, an electron-transporting layer, an elec-
troluminescent layer, a hole-transporting layer, and a hole-
injecting layer are stacked in this order over the first electrode.
Note that it is not necessary to form all of these layers. The
electroluminescent layer can be formed using an organic
compound or an inorganic compound.

Next, operation of the pixel illustrated in FIG. 28B will be
described.

First, when the scan line 531 is selected by the scan line
driver circuit 503 illustrated in FIG. 27, the transistor 611 is
turned on by a scan signal input from the scan line driver
circuit 503.

At this time, the gate of the transistor 614 and the first
terminal of the capacitor 613 have a potential corresponding
to a video signal input from the signal line driver circuit 504
illustrated in FIG. 27; the transistor 614 is turned on; and a
current flows between the source and the drain of the transis-
tor 614. Further, a given voltage is applied between the first
terminal and the second terminal of the light-emitting ele-
ment 615 in accordance with the amount of current flowing
through the transistor 614, and an image is displayed with the
pixel. The above operation is sequentially performed every
scanline 531 in FIG. 27, so that data is written to all the pixels.
This is the operation of the pixel illustrated in FIG. 28B.

In the case where a data signal input from the signal line
541 to the pixel is a digital signal, the pixel is brought into a
light-emitting state or a non-light-emitting state by switching
on and off of the transistor. Thus, gray levels can be expressed
by an area ratio grayscale method or a time ratio grayscale
method. An area ratio grayscale method refers to a driving
method in which one pixel is divided into a plurality of
subpixels and the subpixels each having the circuit configu-
ration in FIG. 28B are independently driven in accordance
with data signals so that gray levels are expressed. Further, a
time ratio grayscale method refers to a driving method in
which a period during which a pixel emits light is controlled
so that gray levels are expressed.

The response speed of the light-emitting element 615 is
higher than that of the liquid crystal element 612 illustrated in
FIG. 28A, for example. Therefore, the light-emitting element
615 is suitable for a time ratio grayscale method. Specifically,
in the case of performing display by a time ratio grayscale
method, one frame period is divided into a plurality of sub-
frame periods. Then, in accordance with video signals, the
light-emitting element in the pixel is set in a light-emitting
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state or in a non-light-emitting state during each subframe
period. By dividing one frame period into a plurality of sub-
frame periods, the total length of time during which a pixel
actually emits light in one frame period can be controlled by
video signals so that gray levels can be expressed.

Next, examples of structures of the scan line driver circuit
503 and the signal line driver circuit 504 in the display device
illustrated in FIG. 27 will be described with reference to
FIGS. 29A and 29B. FIGS. 29A and 29B illustrate examples
of the structures of the scan line driver circuit and the signal
line driver circuit in the display device illustrated in FIG. 27.
FIG. 29A is a block diagram illustrating an example of the
structure of the scan line driver circuit. FIG. 29B is a block
diagram illustrating an example of the structure of the signal
line driver circuit.

The scan line driver circuit 503 illustrated in FIG. 29A
includes a shift register 711, a level shifter 712, and a buffer
circuit 713.

The shift register 711 has a function of sequentially select-
ing the scan lines 531.

The level shifter 712 has a function of generating a plural-
ity of signals whose voltage states are different depending on
applications, in accordance with a signal input.

The buffer circuit 713 has a function of amplifying an
output signal of the level shifter 712, which is input to the
buffer circuit 713. The buffer circuit 713 can include an
operational amplifier, for example.

The signal line driver circuit 504 illustrated in FIG. 29B
includes a shift register 721, a latch circuit 722, a level shifter
723, a buffer circuit 724 and a D/A converter circuit 725.

The shift register 721 has a function of sequentially select-
ing the signal lines 541.

The latch circuit 722 holds a signal input from the shift
register 721 for a certain period of time, and outputs the held
latch signals to the pixel portion 505 in FIG. 27 all at once.
This is referred to as line sequential driving.

The level shifter 723 has a function of generating a plural-
ity of signals which are different depending on applications,
in accordance with a signal input.

The buffer circuit 724 has a function of amplifying an
output signal from the level shifter 723, which is input to the
buffer circuit 724. The buffer circuit 724 can include an
operational amplifier, for example.

The D/ A converter circuit 725 has a function of converting
adigital signal into an analog signal in the case where a signal
input is a digital signal. Note that in the case where the input
signal is an analog signal, the D/A converter circuit 725 is not
necessarily provided.

A driver circuit such as the scan line driver circuit or the
signal line driver circuit can be constituted by a semiconduc-
tor element, for example. Examples of the semiconductor
element are a transistor, a capacitor, and a resistor. For
example, when a transistor is used, the transistor can have the
same structure as the transistor in the electronic circuit which
is one embodiment of the present invention.

An example of a circuit configuration of a shift register in
the scan line driver circuit or the signal line driver circuit will
be described with reference to FIG. 30. FIG. 30 illustrates an
example of a circuit configuration of a shift register in the
driver circuit of the display device in this embodiment. Note
that the case is described in which a sequential circuit in the
shift register in FIG. 30 has the circuit configuration in FIG.
14E, the control circuit 316 in FIG. 14E has the circuit con-
figuration in FIG. 15E, and the control circuit has the circuit
configuration in FIG. 6B.

The shift register illustrated in FIG. 30 includes sequential
circuits of N stages (N is a natural number) constituted by N
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sequential circuits (sequential circuits 801_1 to 801_N)
which are electrically connected to each other; and control
circuits of N stages constituted by N control circuits (control
circuits 802_1 to 802_N), one of which is electrically con-
nected to the Oth stage sequential circuit and the (O+1)th
stage sequential circuit (O is a natural number of 1 to N-1).

Each of the sequential circuits of N stages includes a tran-
sistor 811, a transistor 812, a transistor 813, a transistor 814,
a transistor 817, a transistor 8611, a transistor 8612, and a
transistor 8617, as exemplified by the sequential circuit
801_1 in FIG. 30.

In the Kth stage sequential circuit, one of a source and a
drain of the transistor 812 is electrically connected to a clock
signal line 833 or an inverted clock signal line 834; the other
of'the source and the drain of the transistor 812 is electrically
connected to a gate and one of a source and a drain of the
transistor 811 in the (K+1)th stage sequential circuit; and a
gate of the transistor 812 is electrically connected to the other
of the source and the drain of the transistor 811;

Moreover, in the Kth stage sequential circuit, one of a
source and a drain of the transistor 813 is electrically con-
nected to the other of the source and the drain of the transistor
811, and the other of the source and the drain of the transistor
813 is electrically connected to a power supply line 832.

In the Kth stage sequential circuit, one of a source and a
drain of the transistor 814 is electrically connected to the
other of the source and the drain of the transistor 812, and the
other of the source and the drain of the transistor 814 is
electrically connected to the power supply line 832.

Furthermore, in the Kth stage sequential circuit, a gate of
the transistor 817 is electrically connected to a gate of the
transistor 814; one ofa source and a drain of the transistor 817
is electrically connected to the other of the source and the
drain of the transistor 811; and the other of the source and the
drain of the transistor 817 is electrically connected to the
power supply line 832.

In the Kth stage sequential circuit, a gate and one of a
source and a drain of the transistor 8611 are electrically
connected to a power supply line 831, and the other of the
source and the drain of the transistor 8611 is electrically
connected to the gate of the transistor 814.

Further, in the Kth stage sequential circuit, a gate of the
transistor 8612 is electrically connected to the other of the
source and the drain of the transistor 811; one of a source and
a drain of the transistor 8612 is electrically connected to the
other of the source and the drain of the transistor 8611 ; and the
other of the source and the drain of the transistor 8612 is
electrically connected to the power supply line 832.

In the Kth stage sequential circuit, one of a source and a
drain of the transistor 8617 is electrically connected to the
other of the source and the drain of the transistor 811, and the
other of the source and the drain of the transistor 8617 is
electrically connected to the power supply line 832.

In the Kth stage sequential circuit, a start signal (also
referred to as ST) is input to the gate of the transistor 811 and
a gate of the transistor 8617.

In addition, each of the control circuits of N stages includes
a transistor 821, a transistor 822, a transistor 823, and a
transistor 824, as exemplified by the control circuit 802_1 in
FIG. 30.

In the Kth stage control circuit, a gate and one of a source
and a drain of the transistor 821 are electrically connected to
the power supply line 831. Moreover, in the Kth stage control
circuit, a gate of the transistor 822 is electrically connected to
the other of the source and the drain of the transistor 812 in the
(K+1)th stage sequential circuit; one of a source and a drain of
the transistor 822 is electrically connected to the other of the
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source and the drain of the transistor 821; and the other of the
source and the drain of the transistor 822 is electrically con-
nected to the power supply line 832. Furthermore, in the Kth
stage control circuit, a gate of the transistor 823 is electrically
connected to the other of the source and the drain of the
transistor 812 in the (K+1)th stage sequential circuit; one of a
source and a drain of the transistor 823 is electrically con-
nected to the power supply line 831; and the other of the
source and the drain of the transistor 823 is electrically con-
nected to the gate of the transistor 813 in the Kth stage
sequential circuit. Further, in the Kth stage control circuit, a
gate of the transistor 824 is electrically connected to the other
of the source and the drain of the transistor 821; one of a
source and a drain of the transistor 824 is electrically con-
nected to the other of the source and the drain of the transistor
823; and the other of the source and the drain of the transistor
824 is electrically connected to the power supply line 832.
Next, operation verification of the shift register illustrated
in FIG. 30 will be described. Note that verification is per-
formed on a shift register in which N is 10 and a dummy
one-stage sequential circuit is provided in addition to sequen-
tial circuits of ten stages. The use of an output signal of the
dummy sequential circuit can control a reset signal of the
tenth stage sequential circuit. Moreover, the shift register is
set so that all the transistor are n-channel transistors, the size
of'the transistor in the control circuit is smaller than that of the
transistor in the sequential circuit, and a desired delay time is
obtained. In addition, as a comparative example to the shift
register in FIG. 30, verification is also performed on the shift
register in FIG. 30 in the case where the control circuits of N
stages are not provided. In the verification, the start signal
(also referred to as ST) is input to the gate and one of the
source and the drain of the transistor 811 in the sequential
circuit 801_1; a clock signal (also referred to as CK) is input
through the clock signal line 833; an inverted clock signal
(also referred to as CKB) of the clock signal in the clock
signal line 833 is input through the inverted clock signal line
834; the cycle of the clock signal is 24 ps; the frequency ofthe
clock signal is 41.7 kHz; the amplitude of the clock signal is
0Vto30V;V,_,is30V;V_ is 0V; and the threshold voltage
of each transistor is 8 V. In the case where the control circuit
is not provided, the other of the source and the drain of the
transistor 812 in the (K+1)th stage sequential circuit is elec-
trically connected to the gate of the transistor 813 in the Kth
stage sequential circuit. The verification result is described
with reference to FIGS. 31A and 31B. FIGS. 31A and 31B are
timing charts illustrating the result of operation verification of
the shift register in this embodiment. FIG. 31A is a timing
chart of the shift register of the comparative example. FIG.
31Bisatiming chart of the shift register illustrated in FIG. 30.
In the shift register of the comparative example, delay
occurs by the time output signals (OUTg,, ; to OUTg,; o)
of each sequential circuit fall as illustrated in FIG. 31A. In the
sequential circuit in the shift register of the comparative
example, after the output signal rises, the clock signal rises
and the transistors 812 and 814 are turned on, whereby the
voltage of the output signal starts to decrease. In general, the
channel width of the transistor 812 is often made larger than
that of the transistor 814; thus, the use of the transistor 812 can
shorten the fall time ofthe output signal. However, in the shift
register of the comparative example, before the output signal
of each sequential circuit falls, the transistor 813 is turned on
and the transistor 812 is turned off by each reset signal
(REgp, ;t0REgy; ;o). The output signal falls by the transis-
tor 814 when the transistor 812 is turned off. Accordingly, it
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takes more time for the output signal to fall in the case of using
the transistor 814 as compared to the case of using the tran-
sistor 812.

On the other hand, in the shift register in FIG. 30, output
signals of the sequential circuits of the second stage to the
tenth stage are input as reset signals to the respective sequen-
tial circuits in the previous stage through the respective con-
trol circuits; thus, the reset signals of the sequential circuits of
the first stage to the tenth stage are delayed as compared to
output signals of the respective sequential circuits in the next
stage as illustrated in FIG. 31B. By inputting the delayed reset
signal to the sequential circuit, the timing at which the tran-
sistor 813 is turned on can be delayed for a certain period of
time, when the output signal is made to fall. Thus, the output
signal can be made to fall by using the transistor 812, and the
fall time of the output signal can be shortened.

As illustrated in FIGS. 31A and 31B, it can be seen that
even when the shift register includes sequential circuits of ten
stages, control of the reset signal of each sequential circuit
can control the output signal of each sequential circuit.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 10)

In this embodiment, a structure of a liquid crystal display
device will be described with reference to FIGS. 32A and 32B
as an embodiment of a display device, which is one embodi-
ment of the present invention. Specifically, a structure of a
liquid crystal display device which includes a TFT substrate,
acounter substrate, and a liquid crystal layer held between the
counter substrate and the TFT substrate will be described.
FIG. 32A is a top view of a liquid crystal display device. FIG.
32B is a cross-sectional view along line C-D in FIG. 32A.
Note that FIG. 32B is a cross-sectional view of a liquid crystal
display device in which an inverted staggered thin film tran-
sistor including a microcrystalline semiconductor layer in a
channel region is formed over a substrate 1601, and an MVA
(multi-domain vertical alignment) mode is employed for the
display mode.

In the liquid crystal display device illustrated in FIG. 32A,
a pixel portion 1603, a first scan line driver circuit 1605aq, a
second scan line driver circuit 16055, and a signal line driver
circuit 1607 are formed over the substrate 1601. The pixel
portion 1603, the first scan line driver circuit 16054, the
second scan line driver circuit 16055, and the signal line
driver circuit 1607 are sealed between the substrate 1601 and
a substrate 1611 with a sealant 1609. Moreover, an FPC 1613
and an IC chip 1615 are provided over the substrate 1601 by
a TAB method.

A cross-sectional structure along line C-D in FIG. 32A is
described with reference to FIG. 32B. Here, the pixel portion
1603, the second scan line driver circuit 16055 which is part
of a peripheral driver circuit portion, and a terminal portion
1617, which are formed over the substrate 1601, are shown.

A thin film transistor 1621 provided in the second scan line
driver circuit 16055 and a thin film transistor 1623 provided in
the pixel portion 1603 are formed over the substrate 1601.
Moreover, insulating layers 1625 and 1627 are formed over
the thin film transistors 1621 and 1623. Furthermore, a wiring
1629 to be connected to a source electrode or a drain electrode
of'the thin film transistor 1621 through an opening portion in
the insulating layers 1625 and 1627 is formed, and a pixel
electrode 1631 to be connected to a source electrode or a drain
electrode of the thin film transistor 1623 through an opening
portion in the insulating layers 1625 and 1627 is formed.
Further, an insulating layer 1635 is formed over the insulating
layer 1627, the wiring 1629, and the pixel electrode 1631.
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The structures and manufacturing methods of the thin film
transistors described in Embodiments 6 and 7 can be applied
to a structure and a manufacturing method of the thin film
transistors 1621 and 1623 as appropriate.

Each of the insulating layer 1625 and the insulating layer
1627 can be formed using an inorganic insulating layer, an
organic resin layer, or the like. As the inorganic insulating
layer, a silicon oxide layer, a silicon oxynitride layer, a silicon
nitride oxide layer, a carbon layer typified by diamond like
carbon (DLC), or the like can be used. For the organic resin
layer, an acrylic resin, an epoxy resin, polyimide, polyamide,
polyvinyl phenol, benzocyclobutene, or the like can be used.
Alternatively, a siloxane polymer can be used.

Each of the insulating layer 1625 and the insulating layer
1627 can be formed by a CVD method, a sputtering method,
aprinting method, a coating method, a slit coating method, or
the like as appropriate.

In addition, the planarity can be improved when at least one
of the insulating layer 1625 and the insulating layer 1627 is
formed using an organic resin layer; thus, alignment of liquid
crystal molecules in a liquid crystal layer 1649 can be easily
controlled.

The wiring 1629 and the pixel electrode 1631 can be
formed using indium oxide containing tungsten oxide,
indium zinc oxide containing tungsten oxide, indium oxide
containing titanium oxide, indium tin oxide containing tita-
nium oxide, indium tin oxide, indium zinc oxide, indium tin
oxide to which silicon oxide is added, or the like.

Alternatively, the wiring 1629 and the pixel electrode 1631
can be formed using a conductive composition containing a
conductive macromolecule (also referred to as a conductive
polymer) having a light-transmitting property. The wiring
1629 and the pixel electrode 1631 preferably have a sheet
resistance of 10000 ohms/square or less and a light transmit-
tance of 70% or higher at a wavelength of 550 nm. Further-
more, the resistivity of the conductive macromolecule con-
tained in the conductive composition is preferably 0.1 Q-cm
or less.

As the conductive macromolecule, a so-called m-electron
conjugated conductive macromolecule can be used.
Examples are polyaniline and a derivative thereof, polypyr-
role and a derivative thereof, polythiophene and a derivative
thereof, and a copolymer of two or more kinds of these
materials.

Note that when the pixel electrode 1631 functions as a
reflective electrode, the wiring 1629 and the pixel electrode
1631 can be formed using aluminum, silver, or the like; or an
alloy thereof, or the like. Alternatively, the wiring 1629 and
the pixel electrode 1631 may have a two-layer structure of
aluminum and titanium, molybdenum, tantalum, chromium,
or tungsten; or a three-layer structure in which aluminum is
sandwiched between metals such as titanium, molybdenum,
tantalum, chromium, or tungsten.

An opening portion is formed in the pixel electrode 1631.
The opening portion formed in the pixel electrode 1631 can
have the same function as a protrusion used in the MVA mode
because the opening portion can make liquid crystal mol-
ecules be slanted.

The insulating layer 1635 functions as an alignment film.

The sealant 1609 is formed around the pixel portion 1603,
or around the pixel portion 1603 and the peripheral driver
circuit portion thereof by an inkjet method or the like. The
substrate 1611 on which a conductive layer 1641, an insulat-
ing layer 1643, a protrusion 1645, and the like are formed and
the substrate 1601 are attached to each other by the sealant
1609 with a spacer 1647 therebetween, and the liquid crystal
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layer 1649 is provided in the gap between the two substrates.
Note that the substrate 1611 functions as a counter substrate.

The spacer 1647 may be provided in such a manner that
particles of several micrometers are dispersed or that a resin
layer is formed over the entire surface of the substrate and
then etched.

The conductive layer 1641 functions as a counter elec-
trode. The conductive layer 1641 can be formed using a
material similar to that of the wiring 1629 and the pixel
electrode 1631. Moreover, the insulating layer 1643 functions
as an alignment film.

A connection terminal 1659 is formed in the terminal por-
tion 1617. The connection terminal 1659 is electrically con-
nected to the pixel portion 1603 and the wiring 1629 in the
peripheral driver circuit portion. The connection terminal
1659 is formed in a similar manner to that in the pixel elec-
trode 1631 in the pixel portion 1603 and the wiring 1629 in
the peripheral driver circuit portion.

In this case, the thin film transistors 1621 and 1623 are
formed through the steps with the multi-tone mask; therefore,
amicrocrystalline semiconductor layer 1651 which is formed
concurrently with microcrystalline semiconductor layers of
the thin film transistors, an impurity semiconductor layer
1653 which is formed concurrently with source regions and
drain regions, and a wiring 1655 are formed between the
connection terminal 1659 and the substrate 1601.

The FPC 1613 is provided over the connection terminal
1659 with an anisotropic conductive layer 1657 therebe-
tween. Furthermore, the IC chip 1615 is provided over the
FPC 1613 with an anisotropic conductive layer 1661 therebe-
tween. That is, the FPC 1613, the anisotropic conductive
layers 1657 and 1661, and the IC chip 1615 are electrically
connected to each other.

An adhesive material such as an anisotropic conductive
film (ACF) or anisotropic conductive paste (ACP) canbe used
for the anisotropic conductive layers 1657 and 1661. Alter-
natively, a conductive adhesive such as silver paste, copper
paste, or carbon paste, solder paste, or the like can be used for
the anisotropic conductive layers 1657 and 1661.

Note that by forming a functional circuit (e.g., a memory or
a buffer) in the IC chip 1615, the area of the substrate can be
efficiently utilized.

Note that although FIG. 32B illustrates the cross-sectional
view in the case where the display mode is the MVA mode, the
display mode may be a PVA (patterned vertical alignment)
mode. In the case of employing the PVA mode, a slit may be
provided for the conductive layer 1641 formed on the sub-
strate 1611, so that liquid crystal molecules can be slanted to
be aligned. Moreover, the protrusion 1645 (also referred to as
the alignment control protrusion) may be provided over the
conductive film for which the slit is provided, so that liquid
crystal molecules can be slanted to be aligned. Note that this
embodiment is not limited to this example, and any of the
liquid crystal modes which can be applied to the liquid crystal
element 612 illustrated in FIG. 28 A can be employed for the
display mode.

The structure is described in which the first scan line driver
circuit 16054, the second scan line driver circuit 16055, and
the signal line driver circuit 1607 are formed over the sub-
strate 1601 in the liquid crystal panel in FIGS. 32A and 32B;
alternatively, a driver IC may be used as a driver circuit
corresponding to the signal line driver circuit 1607 and
mounted on a liquid crystal panel by a COG method or the
like. The use of the driver IC as the signal line driver circuit
1607 can save power. Further, when a semiconductor chip
formed using a silicon wafer or the like is used as the driver
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IC, the liquid crystal display device can operate at higher
speed with lower power consumption.

As has been described above, a microcrystalline semicon-
ductor is used for a channel region of the thin film transistor
in the display device in this embodiment, whereby increase in
size of the display device, reduction in cost, increase in yield,
or the like can be achieved. In addition, the use of the micro-
crystalline semiconductor for the semiconductor layer can
suppress deterioration in characteristics of the thin film tran-
sistor, so that the life of the display device can be made longer.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.
(Embodiment 11)

In this embodiment, an electronic device including the
display device, which is one embodiment of the present
invention, for a display portion will be described.

FIGS. 33A to 33H and FIGS. 34A to 34D illustrates
examples of electronic devices. These electronic devices can
include a housing 5000, a display portion 5001, a speaker
5003, an LED lamp 5004, operation keys 5005 (including a
power switch or an operation switch for controlling the opera-
tion of a display device), a connection terminal 5006, a sensor
5007 (a sensor having a function of measuring force, dis-
placement, position, speed, acceleration, angular velocity,
rotational frequency, distance, light, liquid, magnetism, tem-
perature, chemical substance, sound, time, hardness, electric
field, current, voltage, electric power, radiation, flow rate,
humidity, gradient, oscillation, odor, or infrared ray), a micro-
phone 5008, and the like.

FIG. 33 A illustrates a mobile computer, which can include
a switch 5009, an infrared port 5010, and the like in addition
to the above objects. FIG. 33B illustrates a portable image
reproducing device provided with a memory medium (e.g., a
DVD reproducing device), which can include a second dis-
play portion 5002, a memory medium reading portion 5011,
and the like in addition to the above objects. FIG. 33C illus-
trates a goggle-type display, which can include the second
display portion 5002, a support portion 5012, an earphone
5013, and the like in addition to the above objects. FIG. 33D
illustrates a portable game machine, which can include the
memory medium reading portion 5011 and the like in addi-
tion to the above objects. FIG. 33E illustrates a projector,
which can include a light source 5033, a projection lens 5034,
and the like in addition to the above objects. FIG. 33F illus-
trates a portable game machine, which can include the second
display portion 5002, the memory medium reading portion
5011, and the like in addition to the above objects. FIG. 33G
illustrates a television receiver, which can include a tuner, an
image processing portion, and the like in addition to the above
objects. FIG. 33H illustrates a portable television receiver,
which can include a charger 5017 capable of transmitting and
receiving signals and the like in addition to the above objects.
FIG. 34A illustrates a display, which can include a support
base 5018 and the like in addition to the above objects. FIG.
34B illustrates a camera, which can include an external con-
necting port 5019, a shutter button 5015, an image receiving
portion 5016, and the like in addition to the above objects.
FIG. 34C illustrates a computer, which can include a pointing
device 5020, the external connecting port 5019, a reader/
writer 5021, and the like in addition to the above objects. FI1G.
34D illustrates a mobile phone, which can include a tuner of
one-segment partial reception service for mobile phones and
mobile terminals (“1 seg”), and the like in addition to the
above objects. Moreover, an antenna is incorporated in the
housing 5000.

The electronic devices illustrated in FIGS. 33A to 33H and
FIGS. 34A to 34D can have a variety of functions, for
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example, a function of displaying a variety of information (a
still image, a moving image, a text image, and the like) on a
display portion; a touch panel function; a function of display-
ing a calendar, date, time, and the like; a function of control-
ling process with a variety of software (programs); a wireless
communication function; a function of being connected to a
variety of computer networks with a wireless communication
function; a function of transmitting and receiving a variety of
data with a wireless communication function; and a function
of reading program or data stored in a memory medium and
displaying the program or data on a display portion. Further,
the electronic device including a plurality of display portions
can have a function of displaying image information mainly
on one display portion while displaying text information on
another display portion, a function of displaying a three-
dimensional image by displaying images where parallax is
considered on a plurality of display portions, or the like.
Furthermore, the electronic device including an image receiv-
ing portion can have a function of photographing a still image,
a function of photographing a moving image, a function of
automatically or manually correcting a photographed image,
a function of storing a photographed image in a memory
medium (an external memory medium or a memory medium
incorporated in the camera), a function of displaying a pho-
tographed image on a display portion, or the like. Note that
functions which can be provided for the electronic devices
illustrated in FIGS. 33 A to 33H and FIGS. 34 A to 34D are not
limited to those described above, and the electronic devices
can have a variety of functions.

The electronic device described in this embodiment
includes a display portion for displaying some sort of infor-
mation. The display device which is one embodiment of the
present invention is applied to a display portion, whereby it is
possible to achieve improvement in reliability, increase in
yield, reduction in cost, increase in size of the display portion,
higher definition of the display portion, or the like.

FIG. 34E illustrates an example in which the display
device, which is one embodiment of the present invention, is
provided so as to be integrated with a building. FIG. 34E
illustrates a housing 5022, a display portion 5023, a remote
controller device 5024 which is an operation portion, a
speaker 5025, and the like. The display device is incorporated
in the building as a wall-hanging type and can be provided
without requiring a large space.

FIG. 34F illustrates another example in which the display
device, which is one embodiment of the present invention, is
incorporated in a constructed object. A display panel 5026
which is the display device is integrated with a prefabricated
bath 5027, so that a person who takes a bath can watch the
display panel 5026.

Note that although the wall and the prefabricated bath are
shown as examples of the building in this embodiment, this
embodiment is not limited to these examples. The display
device, which is one embodiment of the present invention,
can be provided in a variety of building structures.

Next, examples where the display device, which is one
embodiment of the present invention, is incorporated with a
moving object will be described.

FIG. 34G illustrates an example in which the display
device, which is one embodiment of the present invention, is
incorporated in a car. A display panel 5028 is provided in a
body 5029 of the car and can display information input from
the operation of the body or the outside of the body on
demand. Note that a navigation function may be provided.

FIG. 34H illustrates an example in which the display
device, which is one embodiment of the present invention, is
incorporated in a passenger airplane. FIG. 34H illustrates a
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usage pattern when a display panel 5031 is provided for a
ceiling 5030 above a seat of the passenger airplane. The
display panel 5031 is integrated with the ceiling 5030 through
a hinge portion 5032, and a passenger can watch the display
panel 5031 by extending and contracting the hinge portion
5032. The display panel 5031 has a function of displaying
information when operated by the passenger.

Note that although this embodiment gives the body of the
vehicle and the body of the plane as examples of the moving
body, this embodiment is not limited to these examples. The
display device can be provided for a variety of moving bodies
such as a two-wheel motor vehicle, a four-wheel vehicle
(including a car, bus, and the like), a train (including a mono-
rail, a railway, and the like), and a ship.

FIGS. 35A to 35C illustrate an example of a portable infor-
mation terminal. FIG. 35A is a front view, FIG. 35B is a rear
view, and FIG. 35C is a development view of the portable
information terminal. A portable information terminal such
as one illustrated in FIGS. 35A to 35C can have a plurality of
functions. For example, such a portable information terminal
can include a computer so as to have a function of processing
a variety of data, in addition to a telephone function. A por-
table information terminal having a telephone function is also
referred to as a mobile phone.

The portable information terminal illustrated in FIGS. 35A
to 35C includes two housings: a housing 980 and a housing
981. The housing 980 is provided with a display portion 982,
a speaker 983, a microphone 984, operation keys 985, a
pointing device 986, a camera lens 987, an external connec-
tion terminal 988, an earphone terminal 989, and the like. The
housing 981 is provided with a keyboard 990, an external
memory slot 991, a camera lens 992, a light 993, and the like.
Moreover, an antenna is incorporated in the housing 981.

Further, the portable information terminal may incorporate
a contactless IC chip, a small memory device, or the like in
addition to the above components.

The display device, which is one embodiment of the
present invention, can be used for the display portion 982, and
the display direction changes as appropriate depending on
applications. Since the camera lens 987 is provided on the
same plane as the display portion 982, a videophone is real-
ized. Further, still images and motion images can be taken
with the camera lens 992 and the light 993 by using the
display portion 982 as a viewfinder. The speaker 983 and the
microphone 984 can be used for videophone, recording, play-
back, and the like without being limited to verbal communi-
cation. The incoming and outgoing calls, simple input of
information such as e-mail, scroll of a screen, cursor motion,
and the like can be performed with the operation keys 985.
The housings 980 and 981 (FIG. 35A) which overlap with
each other can be slid open as illustrated in FIG. 35C so as to
be used as the portable information terminal. In that case,
smooth operation can be conducted using the keyboard 990
and the pointing device 986. The external connection terminal
988 can be connected to an AC adaptor and a variety of cables
such as a USB cable, whereby charging and data communi-
cation with a personal computer or the like are possible.
Moreover, a larger amount of data can be stored and moved by
using a recording medium inserted in the external memory
slot 991.

Further, in addition to the above functions, an infrared
communication function, a television reception function, or
the like may be provided.

In this embodiment, examples of electronic devices each
including the display device described in any of the above
embodiments are described as above. In the case where a
microcrystalline semiconductor is used, increase in size of the
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display device, reduction in cost, increase in yield, or the like
can be achieved. Further, by the use of a microcrystalline
semiconductor for a channel region of a thin film transistor,
degradation of characteristics of the thin film transistor can be
suppressed, so that the life of the electronic circuit can be
extended.

Note that this embodiment can be combined or replaced
with any of the other embodiments as appropriate.

This application is based on Japanese Patent Application
serial no. 2009-122906 filed with Japan Patent Office on May
21, 2009, the entire contents of which are hereby incorporated
by reference.

What is claimed is:
1. A circuit comprising:
a sequential circuit wherein a first signal, a second signal
and a third signal are input to the sequential circuit, and
the sequential circuit is capable of outputting a fourth
signal in accordance with voltage states of the first sig-
nal, the second signal and the third signal; and
a control circuit wherein the fourth signal is input to the
control circuit, and the control circuit is capable of out-
putting the third signal in accordance with a voltage state
of the fourth signal to the sequential circuit,
wherein the first signal, the second signal, and the third
signal are a start signal, a clock signal and a reset signal,
respectively,
wherein the sequential circuit comprises a first transistor, a
second transistor, a third transistor and a fourth transis-
tor,
wherein one of a source and a drain of the first transistor is
electrically connected to a gate of the second transistor
and one of a source and a drain of the third transistor,
wherein one of a source and a drain of the second tran-
sistor is electrically connected to one of a source and
a drain of the fourth transistor, and

wherein each of the first transistor, the second transistor,
the third transistor and the fourth transistor comprises
a semiconductor layer comprising an oxide semicon-
ductor, the semiconductor layer comprising a channel
region.

2. The circuit according to claim 1, wherein the voltage

state of the third signal is controlled by the control circuit.

3. The circuit according to claim 1, wherein the oxide

semiconductor comprises indium, gallium and zinc.

4. The circuit according to claim 1, wherein the oxide

semiconductor comprises indium, tin and zinc.

5. The circuit according to claim 1, wherein the sequential

circuit includes a flip-flop circuit.

6. A display device comprising:

a driver circuit including the circuit according to claim 1;
and

apixel portion including a pixel, wherein display operation
of the pixel portion is controlled by the driver circuit.

7. An electronic device comprising:

a display portion including the display device according to
claim 6; and

a control switch configured to control the display operation
of the display portion.

8. The circuit according to claim 1, wherein the control

circuit is a logic circuit.

9. A circuit comprising:

a sequential circuit wherein a first signal, a second signal
and a third signal are input to the sequential circuit, and
the sequential circuit is capable of outputting a fourth
signal in accordance with voltage states of the first sig-
nal, the second signal and the third signal; and
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a control circuit wherein the fourth signal is input to the
control circuit, and the control circuit is capable of out-
putting the third signal in accordance with a voltage state
of the fourth signal to the sequential circuit,
wherein the first signal, the second signal, and the third
signal are a start signal, a clock signal and a reset signal,
respectively,
wherein the sequential circuit comprises a first transistor, a
second transistor, a third transistor, a fourth transistor
and a fifth transistor,
wherein one of a source and a drain of the first transistor is
electrically connected to a gate of the second transistor,
one of a source and a drain of the third transistor and one
of a source and a drain of the fifth transistor,
wherein one of a source and a drain of the second tran-
sistor is electrically connected to one of a source and
a drain of the fourth transistor,

wherein a gate of the fourth transistor is electrically
connected to a gate of the fifth transistor, and

wherein each of the first transistor, the second transistor,
the third transistor and the fourth transistor comprises
a semiconductor layer comprising an oxide semicon-
ductor, the semiconductor layer comprising a channel
region.
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10. The circuit according to claim 9, wherein the voltage
state of the third signal is controlled by the control circuit.
11. The circuit according to claim 9, wherein the oxide
semiconductor comprises indium, gallium and zinc.
12. The circuit according to claim 9, wherein the oxide
semiconductor comprises indium, tin and zinc.
13. The circuit according to claim 9, wherein the sequential
circuit includes a flip-flop circuit.
14. A display device comprising:
a driver circuit including the circuit according to claim 9;
and
apixel portion including a pixel, wherein display operation
of the pixel portion is controlled by the driver circuit.
15. An electronic device comprising:
a display portion including the display device according to
claim 14; and
a control switch configured to control the display operation
of the display portion.
16. The circuit according to claim 9, wherein the control
circuit is a logic circuit.
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